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PREFACE 

In these "Outlines'' the student is introduced to the study 
of Chordate development through the embryological history 
of Amphioxus. Whether or not Amphioxus represents a truly 
primitive type of development, it affords, in simple diagram- 
matic style, the essentials of early Chordate ontogeny. In 
many respects the later phases of its history are liighly modi- 
fied, but this need be no objection to its use as an introductory 
type, since it may serve inmiediately to put the student upon 
his guard against a too exact phylogenetic interpretation of 
embryological facts. 

Following this is a rather full account of the development 
of the frog, a form that represents, better than any other single 
type, what we may regard as the general type of Chordate 
development. The chapters on the chick are relatively briefer 
and emphasis is laid upon the embryonic membranes, and upon 
the early phases of development, which represent the most 
frequent modifications of the type of Chordate development, 
modifications correlated with the presence of the large yolk 
accumulation of the Sauropsid ovum. 

It is believed that the chapters on the frog and chick have 
been written in such a way that either form may be omitted, 
in a brief course of study. Or in case the study of the early 
development of the frog is desired as a comparative introduc- 
tion to the study of the embryology of the chick, Chapter III, 
on the organogeny of the frog, may be omitted without serious 
interruption of the continuity of such a course. 

The final chapter on the Mammal includes only those phases 
of development that are of chief interest to the general student, 
namely, the earlier stages in the formation of the embryo, 
the establishment of its relation with the maternal organism, 
the development of the embryonic membranes and appendages, 
and the development of the external form of the human embryo. 
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iv PREFACE 

Several authors and publishers have very kindly permitted 
the use of illustrations or cliches from their works. Especial 
acknowledgement is made to Professor F. R. Lillie for permis- 
sion to use a considerable number of the illustrations in his 
"Development of the Chick'' (Henry Holt and Co.). I am 
also indebted to Professor C. S. Minot and P. Blakiston's Son 
and Co., for several clichfe from their "Laboratory Text-book 
of Embryology"; to Professor J. Playfair McMurrich and P. 
Blakiston's Son and Co., for cliches from their "Development 
of the Human Body"; to Messrs. Longmans Green and Co., 
for cliches from "Quain's Anatomy"; to Messrs. G. P. Putnam 
and Co., for permission to redraw, with some modifications in 
most instances, certain illustrations in Marshall's " Vertebrate 
Embryology"; to Professor T. H. Morgan and The Macmillan 
Company, for cliches from their Development" of the Frog's 
Egg"; and to Herr Gustav Fischer and the respective authors, 
for cliches from 0. Hertwig's "Handbuch der vergleichenden 
und experimentellen Entwickelungslelu*e der Wirbeltiere" ; 0. 
Hertwig's "Lehrbuch der Entwickelungsgeschichte des Men- 
schen imd der Wirbeltiere"; and H. E. Ziegler's "Lehrbuch 
der vergleichenden Entwickelungsgeschichte der niederen 
Wirbeltiere." In all cases the cuts thus borrowed are separately 
acknowledged in the figure legends. I desire also to express 
my debt to the authorities of the Johns Hopkins University, 
for library facilities generously afforded. 
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2 OUTLINES OF CHORDATE DEVELOPMENT 

"As an introduction to the study of embryology, and as an 
indispensable aid to a reasonable appreciation of the value 
of embryological facts, the life-history of Amphioxus 
provides an object which ... is perhaps unrivalled. 
It is alike useful in a text-book of human embryology, and 
in one of invertebrate zoology." (Willey, "Amphioxus," 
etc.f p. 104.) 

Morphologically Amphioxus (Branchiostoma lanceolatum) 
is recognized as one of the important types of Chordata, for it 
illustrates in simple form the essential characteristics of this 
large group, most of the members of which are extremely com- 
plex. And in its mode of development, no less than in its struc- 
ture, Amphioxus serves as a key to the more complicated con- 
ditions of the Craniate groups. The anatomical and embryolog- 
ical simplicity of this creature is commonly regarded as an 
indication of true primitiveness, although the morphologist 
recognizes, as the embryologist must also, that the simplicity 
of primitiveness is here obscured, in many respects, by conditions 
which are obviously special adaptations or secondary alterations 
of primary arrangements. 

Many of the simple embryological characteristics of this form 
are correlated with the freedom of the egg from a large yolk- 
mass. This is equivalent to saying that the accumulation of 
yolk in the eggs of most Chordates is a secondary character, and 
is, to a considerable extent, the cause of many of those modifica- 
tions of the course of development which lead to unusual con- 
ditions, proving difficult of comparison with other develop- 
mental types. 

The egg of Amphioxus is small, and the deutoplasm, small in 
amount, is scattered through its substance. In correlation 
with this, cleavage is total and quite regular in its course, leading 
to the formation of fairly typical blastula and gastrula. The 
organ-rudiments are all formed first as simple epithelial struc- 
tures, whose origins and fates are easily followed, for each part 
is sharply outlined and remains clearly demarcated tlirough 
the course of its development. The embryo is free swimming 
and externally ciliated. In all these respects Amphioxus illus- 
trates primitive Chordate characteristics. Most of the second- 
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ary modifications of development appear comparatively late in 
its course, and many of them are obviously correlated with 
rather unusual habits and activities. 

The embryological history of Amphioxus is described here, 
then, not only because of the morphological importance of this 
form, but because of its embryological primitiveness and the 
diagrammatic simplicity of its early stages, which will aid in 
understanding the complicated development of the other Chor- 
dates described. Here we have Chordate development re- 
duced to its simplest terms. A fair knowledge of the anatomy 
of Amphioxus is presupposed. 

The whole developmental history of Amphioxus falls quite 
naturally into four general periods. 

I. Production of the Germ Cells. — This includes the 
formation of the germ cells, oo- and spermatogenesis, and 
spawning. 

II. Embryonic Period. — ^This extends from fertilization to 
the opening of the mouth. This phase of development is very 
rapid: at normal seasonal temperatures of the water it may 
occupy only thirty-six hours. The entire period is con- 
veniently subdivided into two. 

A. Before Hatching. — ^This includes fertilization, cleavage, 
gastrulation, and the first mapping out of the embryo. The 
conclusion of this period is marked by escape from the egg 
membranes — eight hours or more. 

B. After Hatching. — Here the chief systems and organs of 
the embryo become definitely laid down. The embryo is free 
swimming (pelagic) — twenty-eight hours or more. The actual 
duration of these and the other periods depends chiefly upon 
temperature; it may be nearly doubled in the cooler waters of 
an early season. 

III. Larval Period. — From the opening of the mouth to 
the cessation of pelagic life and the assumption of a burrow- 
ing habit. Here development is slower and consists largely in 
the elaboration of the parts marked out during the preceding 
period — about three months. At the conclusion of this period 
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the larva is about 3.5 mm. long and has reached a condition 
known as the ''critical stage." 

IV. Adolescent Period. — From the critical stage to sexual 
maturity. This is marked by histological differentiation and 
the gradual appearance of adult characteristics. Germ cells 
are first brought to maturity in specimens about 2 cm. in length, 
the age of which is doubtful. Growth to full size probably in- 
volves several years and covers several spawning periods. 

I. THE GERM CELLS AND THEIR PRODUCTION 

We may first describe the germ cells as they are extruded 
from the body. 

The eggs of Amphioxus are spherical and only 0.10 to 0.13 
mm. in diameter. Among the Chordates smaller eggs than 
these are found only in some Mammals. The egg (Fig. 1) is 
surrounded by two membranes, a thin outer, or vitelline mem' 
brane, which at this time is usually separated by a space 
from the surface of the egg, and a thick inner, or perivitelline 
membrane^ which at the time of laying is more or less fluid 
and closely adherent to the surface of the egg. The egg is 
richly supplied with deutoplasm in the form of very numerous 
small granules. These are not uniformly distributed through 
the cytoplasm for there are two definite regions comparatively 
free from deutoplasm, namely, a narrow superficial layer, and an 
irregular conical region toward one side of the egg. Strictly 
speaking the egg of Amphioxus is thus telolecithal, but the deu- 
toplasmic center is not toward the vegetal pole of the egg but 
toward one side, below the equator. The precise location of this 
yolk-free area is important for it establishes in the egg a definite 
bilateral symmetry which is also that of the future embryo. 
The animal pole is marked by the apex of this clear area and by 
the point at which the first polar body is given off. The first 
polar body has already been formed at the time the egg is laid, 
but since it lies outside the vitelline membrane it is ordinarily 
lost. At this time the animal pole is marked, however, by 
the position of the egg nucleus which is just in the equatorial 
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plate of the second polar division. The arched base of the clear 
protoplasmic region lies about at the level of the equator, and 
the whole space lies eccentrically toward that side of the egg 
which, from later development, is known to be anterior or 



.^^^^^t^ 




Fio. I. — The egK of Amphioxus. C, after C^rfontaine. othors aft«r Sobotta. 
A. Ovsriao eg! "howinK cortical plasm. B. Cortical layer formiiuc a membrane 

on the BuTace of the egg. witbJD the vilelliae membrane. C. EkK nienibraiM 
fully forjned but still attached to surface of em;. D. Extruded, fertilized egg. 
Membrans fully formed and beniiiiiiiiK to leave the ere- <^. Cortical layer; e, 
eodoplasm; m, egg membrane, externally vitelline, interaally a product of the 
exoplaam: p, perivitelline space: >. epermatoiodn; v, vitelline membrane; /, 
Srst polar body; //, necoad polar spindle. 

antero-dorsal. A diagram of a sagittal section of the egg is 
shown in Fig. 2, in the position usually assumed by the egg in 
the wateo". 
The spermatozoa are very small (15-20 micra in length) ; the 



6 OUTLINES OF CHORDATE DEVELOPMENT 

rather spherical head is about I micron in diameter — about the 
size of a deutoplasm granule. 

The gonads are metameric organs distributed through the 
middle and posterior pharyngeal region. There are about 
twenty-six pairs (twenty-three to twenty-eight), approximately 
in segments ten to thirty-six. They first begin to develop in the 
embryo before the mouth is opened, and apparently first come to 
maturity when the organisms are 2 to 2.5 cm. in length. The 
discharge of the germinal products involves the nearly complete 
loss of the gonads as such, so that after each annual spawning 
period they redevelop from small rudiments. Details of the 




Via. 2, — DiaKTBin of a median saRittBl section through the fertUued egg of 
Amphioxua at the stage of the fusion of the egg and sperm pronuclei. Aflpr 
Cerfontaine. The arrow marks the dirci^tioii of the chief or polar axis. AD. 
Antero-dorsal region n egg and sperm pronuclei p region relatnelv free from 
deutoplaam: i'f poat«ro- ventral region ■ remaini of tall of Bpermatoio6n; 
V, yoltc or deutoplasmic bodiBS II second polar body 

developraent of the gonads will be described later. The par- 
tially grown ovary, which the testis resembles in essentials, is a 
large spheroid mass, projecting from the postero-ventral margin 
of the segment into the atrium, covered of course by atrial 
epithelium. Fig. 3 represents in diagrammatic form a section 
through the half grown ovary in the so-called medusoid or 
mushroom stage. An abundant vascular supply is derived 
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from branches of the posterior cardinal veins, which divide the 
germinal epithelium into dorsal and ventral portions. Inside 
the gonad is a space known as the primary ovarian or pert- 
gonadial cavity, in the outer wall of which the definitive germ 
cella are developed. Out- 
side the gonad, and sepa- 
rating it from the atrial 
epithelium and body wall 
propCT, is a secondary 
ovarian cavity or gono- 
coel. In the wall of the 
gonocoel, just above and 
below the stalk of attach- 
ment through which the 
blood-vessels pass, are 
thickened patches in the 
atrial wall of the gono- 
coel — the dorsal and ven- 
tral cicatrices. During 
the later stages of their 
formation the germ cells 
— oSgonia or spermatogo- 
nia, enlarge so consider, 
ably as nearly to oblit- 
erate, by compression, 
these cavities and even to 
cause the gonads to en- 
croach very considerably 
upon the atrial cavity. 

Toward the end of the 
growth period the nucleus, 
which contains a large 




. — DiBgram o( ■ section throuRh 
the goDad of AmphioiUB. After CerfoD 
laine. b, PeribrBDcbial (atrial) epithelium; 
c, cicatrii: /, true follicular epithelium; /r, 
eiteroal layer of follicular epithelium; e, 
gonoccfl; ge, germinal epithelium; oi, pri- 
mary ovarian cavity; oj, secondary ovarian 

nucleolus, passes through «»^V^w.>"^"»' >»!:"<>' gonoco^i; . 
the synizesis stage and 
the deutoplasm granules, whose formation began toward the 
inner side of the oogonia when these were only about 0.05 mm. 
in diameter, crowd the entire cell body except in the perinuclear 



in; vo, viaeeral layer of gonoccel. 
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re^on and a narrow pmphenl regicm which is occupied by 
fseveral rows of small clearer vacuoles. It is doubtful wbeth«* 
there is a true cdlular egg foUicle: a thin layer of ceUs forming 
the wall of the primary ovarian ca\ity forms an ovarian follicle 
which folds in and covers almost completely the superficial 
oogonia. 

After the growth period is completed the process of maturation 
conmiences while the oogonia are still within the ovary. The 
chromatic nuclear membrane disappears and the whole nuclear 
apparatus moves toward the atrial ({.e., attached) surface of 
the cell, marking the animal pole and establishing \isibly the 
symmetry of the egg. As it reaches the siyiace a t\T>ical polar 
spindle with asters forms, and the chromatin forms into twelve 
UfiTods, indicating a somatic chromosome number of twenty- 
four. About this time the ver\' thin vitelline membrane is 
formed on the surface from the substance of the egg proper 
(Fig. 1), and as the first polar body is cut off it pushes this before 
it, so that a portion of the membrane is cut off iiith the polar 
body which may no longer remain attached to the egg. Inmie- 
diately after the fiirst polar body is given off the second polar 
spindle forms, but the division halts in the mesophase (Fig. 1). 
Just before or during the formation of the first polar body the 
inner wall of the secondary ovarian cavnty is ruptured by con- 
traction of the body wall and of muscle fibers in the thin walls of 
the gonoccjel, and the eggs are partly forced into the gonocoel. 
All of these processes occur as the animals emerge from the sand 
and swim about preparatory to spa\niing. 

Spawning extends through the greater part of spring and sum- 
mer in the warmer waters, and always occurs at a definite time 
of day — about sundown, or from five to seven in the evening. 
Strong contractions of the general body musculature rupture 
the cicatrices and force the eggs from the gonocoel into the atrial 
cavity, and thence they are carried by bodily contractions and 
the? respiratory current out through the atriopore into the free 
H(^a water. 

Contact with the sea water brings about the formation of a 
thick mucilaginous second or inner membrane over the surface 
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of the egg. The substance of this, the perivitelline membrane, 
seems to be derived from the material of the peripheral layers 
of vacuoles in the cytoplasm; these flow together forming a 
homogeneous superficial layer quite distinct from the underlying 
protoplasm (Fig. 1). The membrane is at first rather fluid 
but in contact with the water it soon begins to toughen. 
In this condition the eggs are ready for fertilization. The 
formation of the spermatozoa is not so fully known but it seems 
to occur in a manner parallel to the formation of the ova. 

II. THE EMBRYONIC PERIOD 

A. From Fertilization to the Time of Hatching 

1. Fertilization 

Eggs and sperm are discharged into the water at about the 
same time and immediately each egg becomes surrounded by a 
crowd of the spermatozoa. The perivitelline membrane has 
been formed first in the region of the animal pole and at this 
time is gradually extending thence toward the vegetal pole. 
In this region then it remains longest in a more fluid condition 
and it is at this vegetal pole that the sperm usually gain 
entrance to the egg, after having penetrated first the thin 
\itelline membrane and traversed the perivitelline space. No 
micropyle has been discovered and polyspermy seems to be 
very frequent. It is not surely knowTi whether the entire 
sperm or only the head usually enters the egg substance. 
Immediately after the entrance of a spermatozoon the entire 
perivitelline membrane is formed, toughens, leaves the surface 
of the egg, and comes into contact with or even partially fuses 
with the vitelline membrane (Fig. 1, D) obliterating the original 
perivitelline space but leaving a wide secondary perivitelline 
space between itself and the egg. 

Entrance of the sperm affords also the stimulus to the 
completion of maturation of the egg nucleus, which at this 
time is still in the mesophase of the second polar division. 
While the sperm, lying just inside the egg, is reconstituting a 
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Dormal nucleus together with sperm centrosome and aster, the 
second polar body is formed and the mature egg nucleus 
established. The second polar body forms about fifteen 
minutes after entrance of the sperm. The division of the 
sperm centrosome and aster, the approach and fusion of the 
egg and sperm nuclei, and the constitution of the first cleavage 
nucleus, are in no way unusual (Fig. 4). 

The first cleavage spindle takes up a position definitely 
related to the symmetry of the egg, lying horizontally, slightly 




Flo. 4.— Prophaae of first cleavsRe figure in Ampbioxus. After Sobotta. 
laoer and outer merobraDeB fused and upBToted from the egg by a wide space 
called the perivitelline apace. 

nearer the animal pole, and at right angles to the median plane. 
The relation of this symmetry of the egg to that of the future 
embryo is shown in Figs. 2 and 7, A. The median plane of 
symmetry is determined by the points of polar body formation 
and sperm entrance, and the eccentric position of the clear 
protoplasmic region. This last is displaced toward the antero- 
dorsal region of the future embryo: one result of this is the 
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greater freedom from yolk of this region of the embryo, and 
this has an important bearing upon subsequent development. 
The egg axis is at an angle of roughly 30° to the antero- posterior 
axis of the embryo: that is, the animal pole of the egg becomes 
antero-ventral, the vegetal pole postero-dorsal. It is quite 
probable that this bilateral symmetry, and certain that the 
polarity of the egg, is determined while it is still within the 
ovary; it gains visible expression through the assumption of a 
peripheral position by the primary oocyte nucleus and the 
eccentricity of the accompanying clear protoplasmic region. 
The egg of Amphioxus seems to resemble that of the Echinoderm 
rather than those of most other forms, in that the direction of 
this eccentricity of the nucleus, i.e., animal pole, is toward the 
region of attachment in the ovarian epithelium. 



2, Cleavage 

The cleavage of Amphioxus is total and unequal and, 

though subject to much variation, it is in many eggs quite 

regular. It is generally believed that the Amphioxus type of 

cleavage is primitive among Chordates, and that the cleavage 

modes of Craniates are to be derived from it, the chief cause of 

modification being the accumulation of yolk. The first division 

of the egg occurs about an hour after entrance of the sperm, 

the second about an hour after the first, and subsequent 

divisions about every fifteen or twenty minutes. The plane 

of the first cleavage as indicated by the position of the first 

cleavage spindle, is median (cleavage furrow meridional), 

dividing the egg into exactly similar right and left halves, 

which become the right and left halves of the embryo. The 

second cleavage furrow is also meridional and the plane at 

right angles to the first. Cleavage becomes unequal with this 

division for the two cells are divided into two smaller antero- 

dorsal, and two larger postero- ventral cells, symmetrically 

arranged on each side of the median plane (Fig. 5, A). 

The third cleavage is at right angles to the first two and the 
furrow equatorial, or rather latitudinal for again the division 
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is slightly une<)ual and each of the four cells forms a smaller 
cell toward the animal pole, and a lai^r toward the vegetal. 




Fio. n. — f'leavasc in Amphioxus. After Cerfontaine. A 
vicwikI frrnii aniniul pole. Thp Iwo Hnlero-dorsBl r^lla are 
EiRhl-coll Htatcp vJcn-tKl from nnininl pol(r shnwing the four RJipa 
Siiltvn rcllfl vipncd from the Mt Hide. D. Thirty-t 



, Four-rcll stage 
Ihe snialltT. B, 
I of the cells. C. 
n'ed fnim vej^etal 
r celts, viewrd from the anteri>- 
n. F. Optical iwrtioii of risht half of younK blastula. About 138 
inial pole; ad, antero-dorsul ; I, left; pr, post eru- ventral : r, right; r, 



Tims ill the cifiht-ccll stage (Fig. 5. B) wc have four pairs of 
cells of four sizes; the four micronieres of the animal pole 
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consist of two smaller anterior, and two larger ventral cells, 
and the four macromeres of the vegetal pole, of two smaller 
dorsal, and two larger posterior cells, the smaller macromeres 
being larger than the larger micromeres. These relative in- 
equalities in the quadrants, as well as their bilateral symme- 
try, continue throughout cleavage. 

Strict synchronism of cleavage is lost in passing from four to 
eight cells, the smaller cells commencing their division before 
the larger. In the early stages the intervals between successive 
cleavages are such that, in spite of lack of synchronism, it is 
still possible to speak of sixteen- and thirty-two-cell stages, 
but after this the numerical progression is no longer regular. 

Were the cleavage strictly regular the eight cells would 
form sixteen by meridional cleavages passing symmetrically 
through the entire egg, but as a matter of fact, during their 
formation the spindles of the eight blastomeres change their 
position so that the cleavage planes of the micromeres are 
nearly perpendicular to the median plane, while those of thfe 
macromeres are rather parallel with this plane. As a result 
the sixteen-cell stage (Fig. 5, C) consists of eight micromeres 
arranged in two rows of four cells each, parallel with the median 
plane and becoming arched in the same direction, and of 
eight macromeres in two rows of four cells each extending 
across the median plane, i.e., from right to left, and arched in 
this direction. The relation between the groups of micro- and 
macromeres is much like that of the two hands when partly 
closed and one in the palm of the other. The thirty-two- 
cell stage (Fig. 5, D) is formed by the horizontal (latitudinal) 
divisions of each of the sixteen, forming eight meridional rows 
of four cells each. After thirty-two cells (Fig. 5, E) the 
divisions become irregular in their appearance. To sum- 
marize: 



Cleavace 



Ist 



2nd 



3rd 



Ovum — 2 cells ■- 4 cells 



4th 5th 

4 small — 8 cells 

4 larfce — 8 cells 

4 small ■- 8 cells 

1 2 large — 4 large — 8 cells 



. . (2 small 

•"°'"- { 2 large 

(2 small 
4 macr. ' 



Total number of cells 



8 



16 



32 
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This typical arrangement of cleavage planes is by no 
means invariable. Variations are indeed very frequent but 
the cells are usually arranged according to definite plans. In 
many cases the cleavage pattern is nearly radial, and in others 
the blastomeres may shift more or less giving the appearance 
of a spiral cleavage. In some eggs the micromeres of the 
sixteen-cell stage may not all divide similarly but four may 
divide vertically and four horizontally. These variations in 
cleavage do not affect subsequent processes. 

As a consequence of the early blastomeres remaining well 
rounded a central space is formed among them. Virtually 
present in the four-cell stage, this space becomes real at eight 
cells, and as the cells multiply and gradually lose their rounded 
form they push away from the center of the mass leaving a 
definite space within, at first open at the poles (cleavage pores). 
This is the beginning of the segmentation cavity or hlastoca^L 
By the time thirty-two cells are formed the poles close over 
and soon the blastocoel is entirely closed. From about sixty- 
four cells on (Fig. 5, E, F) the blastomeres lose their rounded 
outline and become fiattened and closely packed in a simple 
epithelial layer. This arrangement of the blastomeres may be 
taken as the beginning of the blastula stage, which may be 
considered fully established when the number of cells reaches 
one hundred and twenty-eight. The hollow spherical blastula 
of this type (Fig. 5, F) is called a coeloblastula, and it is com- 
monly regarded as the most primitive type of blastula. In 
Amphioxus this is bilaterally symmetrical and the epithelial 
wall is of varying thickness on account of the varying sizes of 
the cells. The cells are relatively free from deutoplasm, and 
therefore smaller, in the anterior region, richer in deutoplasm, 
and therefore larger, in the posterior region, and uniformly 
graded in size and deutoplasmic content between these regions. 
The animal pole remains antero- ventral (Fig. 7, B), The 
blastocoel is very large and, on account of the varying thickness 
of its wall, may be said to be slightly eccentric toward the 
anterior side. 
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3. Gastrulation 

By the time about two hundred and fifty-six cells have been 
formed in the blastula, or about four hours after fertilization, 
the process of gastrulation is commenced, by which the single 
walled blastula is to be converted into a double walled gastrula. 
We should notice in advance that the gastrula of Amphioxus 
is formed by the three processes of invaginaiionj involiUion, and 
epiboly, and so is not typical of Chordates generally, in which 
the double walled or two layered condition results more 
extensively from delamination, that is, by tangential divisions 
in the wall of the blastula, together with some involution and 
epiboly. 

The first indication of gastrulation is the flattening of the 
vegetal pole of the blastula (Fig. 6, A), which is soon followed 
by the appearance of a slight infold on the antero-dorsal 
aspect, at about the level of the equator (Fig. 6, B). This 
infolding or invagination soon extends around the sides of the 
blastula, and finally the whole flattened vegetal or postero- 
dorsal region becomes folded down into the segmentation 
cavity (Fig. 6, C). The process of infolding continues in a 
more advanced stage in the antero-dorsal region where it com- 
menced, and here the folded layer first comes into contact with 
the inner surface of the cells of the animal pole so as to obliterate 
the blastocoel there, at a time when this remains quite widely 
open elsewhere. We may now speak of the invaginating and 
non-invaginating layers as endoderm (hypoblast) and ectoderm 
(epiblast) respectively, and of the whole structure as the 
gastrula (Fig. 6, E). While the infolding of the endoderm 
leads to the obliteration of the blastocoel, it leads to the forma- 
tion of another cavity which is lined completely with cells of 
one kind — endoderm. This cavity, which can be recognized 
as beginning with the earliest infolding of the blastula wall, is 
the arclienteron or primitive gut cavity, which is to give rise to 
the chief cavities of the later embryo. In many Chordates 
this cavity is virtual rather than real on account of being 
filled with yolk-cells. The gastrula of Amphioxus is often 
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F:g. 0. — Gastrulation in Aniphioxus. Af ter Cerrontainc. A. BIbsIuIb show- 
IHR flntlfoiiiK of the vcRPtal pole anti the rapid prolifcratiun of cells in the ponlpro- 
(JurHal region (itprni ring). B. Fl&ttemiia more pranouiiFed ; niiloscs in cells of 
(inrni Ting. C. Coninii-nrement of the infolding (iavaKinalioD) of the cclU of 
the vegolal piilo. D. Continued infolding, and inflection, or involution, of 
eetmlfTni cuIIh in thu dorsal lip of the blastopore. The blastoccel l>eeoRiint[ 
olililerated and the arrbenteron beinR estaUishcd. E. InvuBinalion eomiilcte. 
(.'nnlinufld Jovuiution in the doriuU lip of blanlopore. Mitcues in Kerm ring. 
F. Coiixtriction of lilastoporo and eomnieneenient-of elongalioo of tht- gastrula. 
npmnBiits of li!ajiti)prcl in ventral lip of blniitoporc. G. Gofitrulation completed. 
Continued plounalion. and narrowing of blantopore. H. Neurenleric eanal 
ei>tubli.'<heU by overgrowth of neural folds. Continued mitosis in germ ring. 
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termed a ccehgastrula to indicate the fact that the archenteron 
is an actual widely open cavity. 

^^^lile cell multiplication continues in all parts of the embryo 
during gastrulation, immediately after ga^trulation begins, a 
center of very rapid cell division appears just anterior to the 
invaginating region on the dorsal side, and extending laterally 
around the margin of the blastopore; on the ventral side of 




Fig. 7. — Diagrams illustrating the relations between the adult axes and the 
axes of the egg and early stages. After Cerfontaine. A. Fertilized egg. B, 
Fully formed blastula. C. Gastrulation begun. D, Fully formed gastrula. 
Note posterior elongation, a-p, Ant«ro-posterior axis of adult; d,v, dorsal and 
ventral surfaces of adult; x-y, chief egg axis (x, animal pole, y, vegetal pole). 

the blastopore this region is less clearly marked, although 
distinguishable. This band of rapidly proliferating colls is 
to be identified as the germ ring, an embryonic region of greater 
importance in the other Chordates. The increase of cells at 
this point is so rapid that it disturbs, for a time, the simple 



0. Animal pole; ar, archenteron; 6, blastoporal opening; ch, rudiment of noto- 
chord; dl, dorsal lip of blastopore; ec, ectoderm; en, cndodcrm; gr^ germ ring; 
nc, neuenteric canal; n/, neural fold; np, neural plate; s, blastoccrl or segmentation 
cavity; r, vegetal pole; rZ, ventral lip of blastopore; //, second polar body. 
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epithelial arrangement of the cell layers (Fig. 6, A) and com- 
plicates somewhat the otherwise simple process of gastrulation. 
The transitional region between ectoderm and endoderm is the 
blastopore. The region of rapid cell multiplication, i.e., the 
germ ring, is, therefore, described as located in the lip of the 
blastopore, chiefly toward the dorsal side (Fig. 6, B-G). 

After the cells within the dorsal lip of the blastopore have 
partly folded in, the flattened plate of large endoderm cells of 
the vegetal pole swings gradually inward without undergoing 
much bending or arching, as if hinged at the lower lip of the 
blastopore (Fig. 6, D). This process involves a much greater 
extent of motion in the dorsal margin of this plate, and this is 
made possible by the rapid multiplication of cells in the dorsal 
margin of the blastopore, a sheet of which is left behind as the 
endoderm cells swing inward. The obliteration of the blastocoel 
continues gradually toward the ventral margin of the blasto- 
pore, and though finally completed, for a long time a trace of 
the cavity may be seen in the ventral lip. Occasionally the 
entire blastocoel may be obliterated completely in a very early 
stage but this is not a typical condition. 

From this description of invagination it is evident that the 
endodermal or inner layer cells are really of two kinds, first, the 
large deutoplasmic cells of the vegetal pole of the blastula 
forming the ventral region of the endoderm, and second, the 
smaller cells from the dorsal region of the transitional zone 
between the animal and vegetal poles of the blastula, which 
come first to lie in the dorsal lip of the blastopore, and then by 
rapid multiplication bud off a sheet of cells forming in general 
the dorsal region of the endoderm. This group of more active 
cells really lies just outside the margin of the blastopore so 
that the cells contributed by it to the endoderm are really 
turned in or inflected after their formation and a very brief 
existence as ectodermal cells (Fig. 6, D, E). This inflection 
(involution) of the marginal cells is of importance in comparing 
the gastrula of Amphioxus with that of other forms. 

But the cells formed by divisions in the dorsal blastoporal 
lip (germ ring) arc by no means all added to the endoderm layer. 
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They contribute also to the ectoderm, and thus cause a steady 
extension of the dorsal lip posteriorly; that is, gastrulation is 
accomplished in part by ejnboly, or the growth and extension 
backward of part of the blastoporal region. So that while at 
first the invaginated blastula is only little more than hemi- 
spherical in form, it soon begins to elongate, and this elonga- 
tion extends chiefly posteriorly and is accomplished mainly 
by the rapid posterior elongation of the dorsal margin of the 
blastopore (Fig. 6, F-H). 

When the invaginating phase of gastrulation is completed 
(Fig. 6, E) the archenteron has a nearly hemispherical form and 
is widely open in the dorsal or postero-dorsal direction. In 
Amphioxus the margin of the archenteric opening coincides with 
the blastopore, though we have seen that in general the blasto- 
pore should be regarded as that region where the ectoderm and 
endoderm are continuous, whether this borders an opening or 
not. As the dorsal margin of the blastopore extends backward 
the diameter of its opening decreases, that is, the archenteron 
becomes a more nearly enclosed cavity, considerably elongated 
posteriorly. As the blastopore closes gradually the direction of 
its opening becomes less dorsal and more posterior (Fig. 6, F, G). 
Toward the end of gastrulation the sides as well as the dorsal 
region of the blastoporal margin grow backward, and finally the 
ventral region shares in the process so that the last stages in the 
narrowing of the blastopore are accomplished by epiboly on 
every side. The result of this is the formation in the endoderm, 
just within the blastopore, of a band of cells, narrow below and 
widening laterally, which have been formed differently from the 
remainder of the ventral and lateral endoderm, and like the 
endoderm forming dorsally. This has an unportant bearing 
upon the development of later structures. 

At the close of gastrulation the embryo has the form shown in 
Fig. 6, G. The gastrula is bilaterally symmetrical, quite elon- 
gated antero-posteriorly, flattened dorsally, rounded ventrally as 
well as anteriorly, while at the postero-dorsal aspect the archen- 
teron opens directly to the outside by a narrow blastoporal 
aperture. The ectoderm forms a fairly uniform layer of super- 
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ficial cells, and during gastrulation these have developed motile 
cilia, almost flagelliform, so that the gastrula is slowly rotated 
within the egg membranes which still envelop it. The endo- 
derm cells lining the archenteron are somewhat unlike and of 
three distinct kinds, according to their origin. First there are 
the deutoplasmic cells, which are the descendants of the original 
vegetal pole cells of the blastula, forming the greater part of the 
floor of the archenteron; second, cells derived from the dorsal 
margin of the blastopore which have been added to the endo- 
derm through epiboly and inflection, forming a band along the 
roof of the archenteron; and third, around the blastopore, a 
rim of cells narrow ventrally but wider dorsally, formed also 
through epiboly and inflection, from the ventral and lateral 
margins of the blastopore. Thus the gastrula of Amphioxus, 
although superficially resembling the simple type of invaginate 
gastrula, such as that of many Coelenterates, in reality is not like 
that, for here epiboly plays an important part in its formation. 
This is a leading characteristic of the gastrulas of the Chordates 
in general, and it is important to recognize in Amphioxus this 
method of gastrulation in its simplest and probably most 
primitive form. If one but imagines that in Fig. 6, F, the 
endoderm cells derived from the vegetal pole are multiplied and 
filled with a great mass of yolk, the result will be not widely 
unlike Fig. 32, E, of a section through the gastrula of the frog. 
Development up to this stage has been so rapid that the com- 
pletion of gastrulation occurs only six to seven hours after ferti- 
lization. During the brief period between this stage and the 
escape of the embryo from the egg membranes, elongation 
continues slowly, chiefly through the rapid multiplication of 
cells in a sort of "growth zone" around the blastopore. And 
before the close of this period certain important structures are 
marked out: these are, the central nervous system, the noto- 
cliord, and the mesoderm and ca^lom. 

4. The Formation of the Central Nervous System 

Along the dorsal flattened surface of the gastrula a median 
strip of ectoderm cells becomes delimited from the adjacent cells 
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Pio. 8. — Transverse sections throuRh young embryos of AtiiphioxuB, show- 
ing fonnalion of nerve cord, noCochord. aod mesoderm. After Cerfonliune. 
j4. Commeocement of the growth of the superficial ectoderm (neural folds) 
ahove the neural plate (medullary plate). H- Continued growth of the eclo- 
derm over the neural plate. Differential ion of the notochord, and first indica- 
tions of mesoderm and ent«roca?lie cavities. C. Section through middle of 
larva with two somites. Neural plate folding into a tube. D. Section through 
Bret pair of mesodermal somites, now completely constricted off. E. Section 
through middle of larva with nine pairs of somites. Neural plate folded into a 
tube. Notochord completely separated. In the inner cells o( the somites, 
muscle fibrillffi are forming (compare Fig. 10). or. archentcron; c, enleroccel; 
cA. notochord; <c. ectoderm: en, endoderm; /. muscle lihrillfe: g, gut cavity: ">. 
unvgmented mesoderm fold: mn, mesodermal somite; nc, neuroctct: n/, neural 
fold: np: neural plat«: nt. neural tube. 
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and sinks slightly below the level of the general ectoderm (Fig. 
8f A). This strip of cells is the neural plate or medullary plate. 
It extends from near the anterior (dorsal) margin of the blasto- 
pore forward, almost to the extremity of the embryo, and back- 
ward a short distance each side of and partially surrounding 
the blastoporal opening. The ectoderm bordering the lateral 
margins of the depressed area becomes slightly elevated, forming 
the neural ridges or neural folds j and these gradually flow over 
the margins of the neural plate as this becomes still farther 
depressed (Fig. 8, B). Posteriorly the neural folds extend along 
the sides of the blastopore, and even posteriorly and ventrally 
to it, completely surrounding it. The neural folds then rapidly 
approach medially and soon they cover over the neural plat^, 
though separated from it by a shallow space (Fig. 8, C). These 
processes of depression and roofing over do not occur at once 
throughout the whole dorsal surface. The depression of the 
neural plate commences just in front of the blastopore and pro- 
ceeds thence anteriorly, while the neural folds appear first 
somewhat further in front of the blastopore and usually, 
although not invariably, fuse over the neural plate first in the 
same region. 

Posteriorly the neural folds arising from the lateral and 
ventral margins of the blastopore, in fusing roof over this 
structure without closing it, so that the blastopore no longer 
opens directly to the outside but into the narrow space between 
the neural plate and the superficial ectoderm layer formed by 
the fused neural folds (Fig. 6, H). In front of the point where 
the folds first meet, this space remains widely open upon the 
surface of the embryo. This opening to the outside is called 
the neuropore, and as the fusion of the neural folds extends 
rapidly forward the neuropore is carried along toward the 
anterior end (Fig. 9, A). By the time of hatching it may be 
found at almost any point between the middle of the embryo 
and the anterior margin of the first somite (see below). In 
this latter region the neuropore remains as a definite opening 
until the middle of the larval period. There is some variation 
in difi'erent embryos as regards the region of the first fusion of 
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the neural folds. In some individuals, and these have usually, 
and erroneously, been described as the more typical, the folds 
meet first over the blastopore and gradually fuse thence ante- 
riorly. The more frequent relation seems to be that just 
described, and it is important to recognize that this agrees 
with the method of closure of the neural folds in practically 
all of the Craniates, where they meet and fuse first in the 
middle or anterior to the middle of the embryo, and then fuse 
in each direction from that region. Amphioxus differs, how- 
ever, from all other Chordates in that the margins of the neural 
plate do not remain connected with the neural folds for a time, 
and are not elevated and closed into a tube at the same time 
the neural folds close together: the folding of the neural 
plate into a tube will be described presently. 

5. The Formation of the Notochord 

The chorda develops more slowly than the nervous system 
and by the time of hatching has hardly more than commenced 
its formation. The rudiment of the notochord is a median 
strip of endoderm, six to nine cells wide, forming the roof of the 
archenteron and lying consequently just beneath the neural 
plate and in contact with its lower surface (Fig. 8, B). The 
depression of the neural plate depresses also the flattened 
dorsal wall of the archenteron, so that the chorda rudiment 
pushes down into the archenteric cavity and appears in section 
concavely arched. The chorda cells are those inflected at 
the dorsal margin of the blastopore together with their descend- 
ants. While the gastrula or embryo is elongating the rudiment 
of the notochord divides posteriorly, passing a short distance 
around each side of the blastopore, and terminates in a growth 
zone similar to that concerned in the extension of the neural 
plate but lying just inside instead of outside the blastoporal 
rim (Fig. 9, B). At the time of hatching the rudiment of the 
chorda still remains as a flat plate of cells directly continuous, 
laterally and anteriorly, with the endoderm lining the remainder 
of the archenteron. 
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6. The Formation of Mesoderm and Enterocods 

In the gastrula the rudiments of the middle germ layer are 
found in a pair of longitudinal mesoderm bands of cells lying 
either side of the chorda in the dorso-lateral regions of the 
endodermal archenteric wall. Posteriorly these bands diverge 
and pass either side of the blastoporal opening nearly or quite 
to its ventral side. The extent of the mesoderm, as of the 
neural plate and notochord, is increased chiefly by the addition 
of cells from this blastoporal region (germ ring). At the close 
of gastrulation therefore we can distinguish two general regions 
of mesoderm; first, that lying either side of the anterior part 
of the chorda, formed from the inflected dorso-lateral margins 
of the blastopore and known as gastral mesoderm, and second, 
that formed from the lateral and ventro-lateral margins of the 
blastopore, known as peristomial mesoderm. The gastral 
mesoderm is the earlier formed and remains limited to the 
anterior region, while the peristomial mesoderm forms later 
and during a long period after gastrulation is completed, and 
really constitutes all the mesoderm posterior to the very 
limited, and anterior gastral mesoderm. At the close of 
gastrulation the only difference between the two kinds of 
mesoderm is that of time and place of origin for they are directly 
continuous and not visibly differentiated from one another. 

The depression of the notochordal plate, consequent upon 
the formation of the nerve cord, results in a rather sharp 
folding longitudinally of the dorso-lateral mesoderm bands, 
and the formation from the archenteric cavity there of a pair 
of longitudinal grooves (Fig. 8, B), These grooves are the 
first indications of the enteroccelic cavities and their walls are 
to be spoken of as the mesoderm folds. The enteroccelic 
grooves extend nearly the entire length of the archenteron 
and, though at first shallow, rapidly deepen, particularly in the 
anterior region. The mesoderm folds soon become sharply 
differentiated from the adjoining chorda and endoderm (Fig. 
8, O, and very early their continuity becomes interrupted by 
the appearance of paired transverse folds dropping down from 
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thoir dorsal walls. The first pair of the transverse folds 
ai»i)ears a short distance back from the anterior ends of the 




Fig. 9. — Optirnl sections of young embryos of .^niiiliioxuH. After Ilalschrk. 
The rilia are omiited. A. Twu-Bomitc hIurf, B|i|>riiiiiiiHtpty ut the lime nf 
hstchioK. showiiig relation of iieuropore anil tiPiin'ntpric canal. B. Nine' 
■omile Btnge, showiDg origiD of auli-rior fiiit iliverticulu. (■'. Fiflrcii-Kciniilp 
atafte. End of the embryoDie iieriiHl. o/i, Aiileriiir prurPHS of firxtBiiniitp; f. 
ncurenleric canal; cA, noto^hnrd (or its rudiiiic-D(. in j)); tg, I'lub-xiiapMl rIudiI 
(or its rudiment, in £); ego. citernul opeuiiig of rliili-nhiiiiiHl Rlanil; to. cn-luniin 
cavity of somite; cs, cerebral vesicln; p. gut cavity (enteniii, iiiescntcrnii) ; o», 
rudiment of first jiill dit; i, intestine; Id, left anterior nut divert ieiilum <i>re»nit 
pit in O: •». raouth: mm, uTvwKnicnIcHi meHO'lerm: n, m-rve cord (or its rudiment, 
in j1) ; nsi. neuropore; p, pigment spot in nerve rord; nl, richt anterior aut diver- 
ticulum (preoral head cavity in C); «i, «:, first and second mcsodcnunl somites; 
i-pc, splanchnocail (body cavity). 

mesoderm folds and soon cuts off this region, forming thus 
the first pair of mesodermal pontiles, as tliey arc called. The 
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somites are at first nearly spherical or cubical, box-like divi- 
sions, each containing a portion of the original archenteric 
space now to be known as the enteroccelic cavity of the somite 
or enteroccel, which in these early stages remains in direct 
though narrowed continuity with the archenteron; later this 
connection becomes entirely lost (Fig. 8, D). This transverse 
cutting up of the continuous mesoderm folds and their cavities 
into somites and enterocoels proceeds, in somewhat modified 
form, from the anterior region posteriorly, as the embryo 
elongates, and by the time of hatching two pairs of somites 
have been constricted off (Fig. 9, A). The gastral mesoderm 
is approximately limited to the region of these first two pairs 
of somites, all of the posterior remainder forming from peri- 
stomial mesoderm. 

As compared with the higher Chordates the formation of 
the somites in Amphioxus begins very early, for in those forms 
the mesoderm first separates from the endoderm as a pair of 
longitudinal bands which later and only in part become divided 
into segments or somites. The formation of the somites here, 
as actual enteroccelic diverticula from the archenteron, has 
been considered of great theoretic importance on account 
of its supposed primitiveness, for in all of the Craniates the 
mesoderm bands are at first solid and later develop a cavity 
never directly continuous with the archenteron. It is quite 
possible, however, that the formation of solid peristomial 
mesoderm bands is the primary arrangement and that the 
connection between the mesoderm cavity and the archenteron, 
which we shall see is limited to the somites of gastral meso- 
derm, is in reality a secondary condition. 

The first pha.se of embryonic development is terminated 
about eight to fifteen hours after fertilization by the escape 
of the embryo from the egg membranes, within which it has 
been enclosed. During the remainder of the embryonic period 
it swims freely near the surface by means of the covering of 
long ectodermal cilia. We may conveniently summarize the 
characters of the embryo at the time of hatching as follows 
(Fig. 9, i4). The embryo is in general cylindrical with a flat- 
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tened dorsal surface; lengtii nearly twice the diameter, and the 
diameter about equal to that of the egg. External surface 
completely ciliated. Blastopore completely roofed, so that 
the only external opening is the neuropore, opposite the 
anterior margin of the first somite. Mesoderm folds are 
formed throughout and two pairs of somites are constricted off 
anteriorly. Notochord delimited but not developed. Archen- 
teron open to the outside only by way of the roofed over 
blastopore, through the space between neural plate and super- 
ficial ectoderm, to neuropore. All organs and parts are still 
formed of a single layer of epithelially arranged cells. 

During the remaining twenty-eight to sixty hours of the 
embryonic period the chief developmental processes consist 
in the elaboration of the rudiments already established rather 
than the mapping out of new organs. 

B. The Embryonic Period, from Hatching to the Forma- 
tion OF THE Mouth 

1. The Central Nervous System 

If not already accomplished, the neural plate is now rapidly 
roofed over and the neuropore is carried to the anterior margin 
of the first somite, where it remains throughout the larval 
period. Next the neural plate is converted into a tubular 
structure, the neural tube, through the depression of its me- 
dian region and the accompanying rolling up and together 
of its margins (Fig. 8). As in other Chordates this process 
begins in the region of the first somite and extends thence 
posteriorly and anteriorly. The original space between the 
neural plate and the covering ectoderm becomes the cavity 
of the neural tube or neuroccel (Fig. 9, B), The cilia of these 
originally superficial cells now line the neuroccel and continue 
to beat toward the posterior end of the tube. In the region of 
the blastopore the neiu'al plate remains in connection with the 
continuous ectoderm and endoderm of that region, so that the 
neuroccel does not close posteriorly, but leads directly mto 
the opening of the blastopore and so to the archenteron. This 
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passage from the neurocoel to the archenteric cavity by way of 
the blast oporal opening, is the neurenteric canal. This canal 
remains open tliroughout the embryonic period, until after 
the mouth opening is formed, so that tliis, in connection with 
the neurocoel and neuropore, forms the only path by which the 
archenteron is in connection with the exterior (Fig. 9, ^4, JS, C). 
The beating of the cilia lining the neuroca?l probably keeps 
up an interchange of fluids between enteron and the outside. 

Opi)Osite the anterior margin of the fiivst somite the medullary 
tube is somewhat enlarged (I"ig. 9, C), while oi)posite its 
posterior margin, and, indeed, throughout the remainder^ of 
the tube, it becomes somewhat narrowed by the elongation 
of that part of the embryo, and a so-called brain region is 
thus marked out. About the close of this period, pigment 
spots begin to ai)pear in the neural tube opposite the fifth 
pair of somites (Fig. 9, C): these are the first indications of the 
development of sense organs and are doubtless photo-receptors. 
The large cranial pigment spot in the anterior wall of the brain 
appears about the close of the embryonic period. 

2. The Notochord 

The establishment of the chorda from the plate of endoderm 
cells lying between the mesoderm folds, commences in the 
region between the first and second somites (Fig. 8). Here 
the plate becomes arched, its lateral halves folding together 
ventrally. The folding extends posteriorly and anteriorly 
from tliis region, and soon the folded plate is formed into a 
solid strand lying below the neural tube, between the meso- 
dermal somites (Fig. 8, E). Posteriorly the chorda extends 
to the anterior wall of the neurenteric canal, and anteriorly 
it slowly forms to the very extremity of the embryo, and 
therefore in advance of the somites and nem^al tube (Fig. 9, 
B, C). The extension of the chorda in front of the brain is a 
peculiarity of Amphioxus, for in all other Chordates it forms 
only to the region of the mid-brain. The chorda cells from 
the two sides grow across the mid-lme, interlocking and later 
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extending from each side completely across the entire chorda. 
By the time nine or ten somites are formed the notochord 
becomes completely cut off from the endoderm layer, and the 
two margins of the endoderm which were originally along the 
outer margins of the mesoderm folds, come together in the 
mid-line beneath the notochord, enclosing what remains of 
the archenteron, as the definitive gut cavity or enteron {mesen- 
teron) (Fig. 8, E), Finally vacuoles appear in the notochord 
and, increasing in size, lead to the obliteration of the cellular 
structure. The nuclei are displaced dorsally and ventrally 
and a typical "notochordal tissue'^ is formed before the close 
of the embryonic period (Fig. 9, C). 

3. The Mesodermal Somites and Ccelom 

After hatching, mesodermal somites posterior to the two then 
present continue to form successively in the elongating meso- 
derm folds. The cavities of the first two pairs do not become 
completely separated from the archenteron until six to eight 
pairs have been formed and constricted off, and their enterocopls 
remain as definite spaces throughout their development. In 
the somites just posterior to the first two pairs the enteroccrls 
close for a time just after the somites are formed, and in the 
more posterior ones, even before the mesoderm is quite cut off 
from the endoderm. In these somites cavities reappear later, 
and the enterocoels may be said to be virtually if not actually 
present throughout, for the cells composing their walls remain 
definitely arranged about a central point in the regions of the 
enterocoels (Fig. 10). Still farther posteriorly the mesoderm 
folds develop as solid masses without any cavities whatever at 
any time during their formation, but the condition in the ante- 
rior region demonstrates that Amphioxus is a true enteroca^lo- 
mate organism. By the time fourteen pairs of somites have 
been formed the mesoderm folds cut off completely from the 
archenteric wall, and the remainder of the mesoderm is formed 
directly from the proliferating cell region around the neurenteric 
canal (blastopore), without ever having been included as a part 
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of the endodermal wall of the archenteron. At the close of the 
embryonic period (Fig. 9, C) fourteeo or fifteen pairs of somites 
have been formed, and posterior to these remain short undivided 
regions of mesoderm from which additional somites will be 
formed during the larval period. These somites are of course 
not all in the same stage of development, but passing along the 
series in the anterior direction they rep- 
resent successively more advanced con- 
ditions. Advance is indicated by in- 
crease in the size of the cavity of the 
somite, thinning of the wall, and the 
ventral and somewhat posterior exten- 
sion of the somite between the wall of 
the gut and the superficial ectoderm 
(Fig. 8, E). By the end of the embry- 
onic period the more anterior pairs are 
already bent into the < -form character- ■ 
istic of the adult. The first pair of 
somites send forward unusual extensions 
from the antero-dorsal region along each 
side of the notochord (Fig. 9, B): it is 
tion°ihrl.uBi^^°mphio^us Po^^ble, though hardly likely, that these 
larva »ith ax pairs of indicate the former presence of an addi- 

mcBodermal somites, at . - , . , .. ■ ,i ■ 

the level nt the notochord tioual pau" of somitcs m this region: It 
and somites. After Cer- geemg more likely that the condition is 

foDtaiDC. 0, Archenteron; , r , ■ ■ r 

(. eoterorcchn, notochord; the Tesult 01 the anterior prolongation of 

dCTm'af"on!'iteJ"'"' ""^""^ ^^^ notochord bcyond the proper region 
of the first somite. The walls of these 
extensions later go (lirough the same developmental history 
as tliase of a typical somite. 

By the time five or six pairs of somites are formed they begin 
to show that bilateral alternation which is so characteristic of 
the adult (I-'ig. 10). Only the first and the upper part of the 
second pairs of somites lie exactly opposite. In the other pairs 
the left meml)er comes to lie in advance of the right, and farther 
posteriorly the segments of the two sides exactly alternate. 
It is also noticeable that the left side develo|)s slightly in advance 
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of the right, e.g., when there are eight somites on the left there 
are but seven on the right. 

The enlargement and ventral elongation of the somites men- 
tioned above is accompanied by a differentiation of their walls. 
That part of the somite lying just beneath and in contact with 
the ectoderm becomes thinner and forms what is known as the 
parietal wall of the somite, or the somatic mesoderm (Fig. 8, E) ; 
the region in contact with the wall of the gut or enteron also 
becomes thinner and forms the visceral wall or splanchnic meso- 
derm: while the more restricted portion bordering the chorda 
thickens by the horizontal flattening and antero-posterior 
elongation of the cells through the extent of the somite. This 
last region of the somite is called the myotome, while the somatic 
and splanchnic regions together are termed the lateral plate. 
In the myotome the cells begin, as early as the nine-somite stage, 
to differentiate as muscle cells (Fig. 8, E) forming a muscular 
epithelium. At the close of the embryonic period the more 
anterior myotomes are capable of muscular contractions. 

The thinning of the parietal and visceral walls of the somite 
and their downward extension, considerably enlarge the en- 
closed cavity and carry it down around the sides of the enteron. 
The cavities of the somites now become recognizable as the 
beginnings of the ccelomic spa^e. The enlargement of the myo- 
tome partially obliterates the cavity of the somite in the dorsal 
region, the small cavity remaining being termed the myoccel. 
The larger cavity of the lateral plate is then distinguished from 
the myoccel by the term splanchnoccel. Before the close of the 
embryonic period the ventral walls of the more anterior somites 
push completely around the enteron and meet in the mid- 
ventral region, separating the enteron from contact with the 
ectoderm. Presently the median walls of the splanchnoco^ls 
for the most part disappear, and the splanchnocoels of each pair 
of somites fuse more or less completely. Remnants of these 
median partitions below the enteron appear to remain as the 
rudiments of the subintestinal vein and branchial artery. 
Finally the somite becomes divided by a horizontal partition 
between the lateral plate and myotome, and the corresponding 
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cavities are completely separated. By the close of the embry- 
onic period the antCTior and posterior walls of the somites in the 
region of the splanchnoecels also break through, leaving these 
cavities continuous antero-posteriorly as well as transversely. 
The unsegmented cavity thus formed is the ccelomic cavity of 
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the embryo and larva which is seen to be a true synecehm 
(Fig. 19, A). 

There remain to !>e described, in connection with the develop- 
ment of the mesoderm, a pair of outgrowths from the anterior 
end of the eiitcron in front of the first pair of nu',sodermal so- 
mites. These cavities are Isnowu as the anterior gut divertictda 



THE DEVELOPMENT OF AMPHIOXUS 33 

and have been commonly regarded as endodermal derivatives 
of peculiar character, but although their exact homologies 
remain rather obscure it seems clear that they are essentially 
a pair of mesodermal somites which develop late, on account 
of the delayed forward extension of the whole anterior tip of 
the body. The anterior gut diverticula first appear in the 
embryo with seven pairs of somites, as a pair of narrow antero- 
dorsal evaginations from an expanded anterior region of the 
enteron (Figs. 9, B; 11, A, B). These push forward much 
like the somites, and quickly pinch off from the enteron as 
a pair of closed sacs (Fig. 11, C). 

Although symmetrical in their origin they differ greatly in 
their subsequent development. In the embryo with ten pairs 
of somites the right diverticulum begins to grow forward and to 
enlarge while its wall becomes very thin. Soon it extends 
across the mid-line and finally, as a median structure, it occu- 
pies the whole of the space below the chorda and from the en- 
teron forward to the tip of the embryo. It remains wholly 
in front of the first somite and forms what is known as the 
preoral cavity or Jiead cavity (Fig. 9, C). The left anterior gut 
diverticulum differs widely from its antimere. It remains 
quite small and unmodified throughout the embryonic period, 
shortly after which it acquires an opening to the surface in the 
left side of the head below the level of the chorda, and is then 
known as the preoral pit (Fig. 9, C). Its history is quite com- 
plicated and will be considered later. 

4. TJie Enteron and its Appendages 

After the wall of the archenteric cavity has lost successively 
the mesoblast folds, notochord, and anterior gut diverticula, the 
endodermal tube remains as the wall of the enteron or mesen- 
ieron. This gives rise to the epithelial lining of the alimentary 
canal and related structures. After the time of hatching the 
enteron elongates rapidly and, except at its anterior extremity, 
narrows very markedly, differentiating in this way the posterior 
stomach-intestine from the wide anterior pharyngeal region 



34 OUTLINES OF CHORDATE DEVELOPMENT 

opposite the first two somites (Fig. 9, C). Throughout the 
embryonic period, as described above, the only opening to the 
exterior is by way of the neurenteric canal, neurocoel, and neuro- 
pore, the essential relations among which do not change during 
this period. We may describe briefly the chief structures 
arising in connection with the enteron during the embryonic 
period. 



A. THE CLUB-SHAPED GLAND AND ENDOSTYLE 

In the floor of the enteron, just back of the anterior gut 
diverticula, and therefore opposite the anterior margin of the 
first somite, a transverse groove appears about the time nine 
or ten somites are present (Figs. 9, B; 11). During the latter 
part of the embryonic period this groove constricts off as a 
narrow tube, separate from and below the gut, and acquires an 
opening at its left end to the exterior in the region below the 
preoral pit, while the right end dilates into a conspicuous sac, 
closed at this time (Fig. 9, C). 

Lying just in front of the grooved rudiment of the club-shaped 
gland, is a strip of high ciliated cells which seems to be the first 
indication of the endostyle. The later development of the 
gland and endostyle is described in connection with the 
history of the larval period. 



B. THE MOUTH 

The mouth, first gill slit, and anus develop almost simul- 
taneously, toward the close of the embryonic period. At the 
age of fourteen somites a large patch of ectoderm on the 
left side of the head, along the margin of the first somite, 
thickens considerably and with this thickened area the adjacent 
wall of the enteron fuses. This fused region then becomes j)er- 
f orated by a small opening (Fig. 9, C), which rapidly enlarges 
and becomes the relatively enormous mouth opening bordered 
with elongated cilia (Fig. 12). 
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C, THE FIRST GILL SLIT 

At the same time the mouth is forming, the endoderm 
pushes out ventrally, opposite the second somite, and fuses 
with another thickened patch of ectoderm (Fig. 9, C). Per- 
foration follows and forms the first gill slit which rapidly enlarges 
and moves up on the right side of the head, nearly opposite 




Fio. 12.— Anterior ends of Araphioiusiarvffi, in optical section. A, One Kill 
sUt atage. from right side. After Hatachck. B, Four gill slit stage, from left 
side. After Lankeater and Willey (mouth added), b. Brain region: c. ccelom 
Ipreorat head cavity); ch, Dotoohord; ceg, club-ahaped gland; d, dorsal portion 
erf preoral pit (later forming the groove of Hatachek and HatBohek'a oephridium) ; 
t, rudiment of eudoatyle; pal, lirst gill alit; Hn, Hstschck'a nephridium: i, 
ioteRtine: m. mouth: n, nerve cord; np, neuropore: o, external opening of elub- 
abaped sland; p, pigment; ro, Rlderorgan; p, cerebral vesicle. 

the mouth (Fig. 12, A). It remains smaller than the mouth 
but is similarly bordered with long cilia. 



D. THE ANUS 

Very shortly after the mouth and first gill slit are formed the 
wall of the narrow enteron, immediately below the neurenterie 
canal, fuses with the ectoderm and the region is perforated as 
the anus. At first this lies in the mid-line but later is displaced 
toward the left, by the development of the provisional caudal 
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fin. Upon the formation of the anus the intestine is separated 
from the neurenteric canaJ and this structure closes and gradu- 
ually moves posteriorly, away from the anal region, as the tail 
region grows out; but for some time the tip of the nerve 
cord remains curved around toward the region of its original 
connection with the enteron. 

About the time the mouth and anus open, the alimentary 
tract becomes ciliated and a small diverticulum forms in the 
anterior part of the stomach-intestme; this is the rudiment of 
the caecum or liver. 

At the close of the embryonic period, which is arbitrarily 
marked by the opening of the mouth, the embryo is about 
1.0 mm. long and very slender (Fig. 9, C). Probably its actual 
bulk is little greater than that of the egg. The embryo is 
almost perfectly transparent, and swims about wdth the elon- 
gated ectodermal cilia, accompanied by irregular muscular con- 
tractions when strongly stinmlatcd. The anterior end is di- 
lated and prolonged forward into a rostrum, containing the 
preoral head cavity and supported by the elongated notochord. 
The external openings are, the mouth and first gill slit on 
opposite sides of the head, above these the small median 
neuropore, and near the posterior end the small ventral anus. 
Posteriorly the tail is expanded into a provisional caudal fin 
formed of elongated ectodermal cells. There are about fifteen 
pairs of somites in every stage of development, from the com- 
pletelj^ undifferentiated condition of the posterior pairs of the 
series, to the (juite completely differentiated anterior pairs. 
Anteriorly the nervous system shows the rudiment of the brain; 
posteriorly it is no longer connected with the enteron on account 
of the closure of the neurenteric canal. The notochord is com- 
pletely established. In addition to the mouth and fii'st gill slit 
the enteron has formed the anterior gut diverticula and club- 
shaped gland, all of which have become separate structures 
and commenced their differentiation. In spite of its rather 
complex structure all parts of the embryo are still of epithelial 
character, though the epithelia now show some degree of 
elementary cellular differentiation. 
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III. THE LARVAL PERIOD 

The duration of this period is roughly about three months, 
during which the larva is free swimming but descends to deep 
water. Development is very slow and consists largely in the 
elaboration and modification or multipHcation of structures 
indicated at its beginning. Although up to this time devel- 
opment has been simple and typical (primitive) in general, 
now the anterior portion of the larva becomes highly modi- 
fied through the development of characters not found in the 
Craniata. These are, chiefly, the extensive asymmetry of the 
pharyngeal and associated structures, and the development of 
the atrium or peribranchial cavity — both to be regarded as 
special adaptations to the habits of the larva. The close of 
the larval period is marked by an extensive metamorphosis 
which consists largely in a *'symmetrization'' of the anterior 
end. At the close of this period the larva is said to be at the 
*' critical stage/' 

1. The Central Nervous System 

Very soon after hatching the walls of the spinal cord thicken, 
constricting the neuroca^l, and becoming differentiated into 
three regions. These are (a), a thin epithelial layer — the 
ependyma, lining the neurocoel, (6), dorso-lateral and lateral 
columns of nerve-cell bodies {gray substance) connecting re- 
spectively with the dorsal and ventral spinal nerves, and (c) 
ventral colunms composed of nerve fibers {white substance). 

In the brain region the walls become comparatively thin 
and the cavity dilates considerably (Fig. 13). At first the 
brain lies beneath the epidermis, and around the neuropore 
its wall is directly continuous with the superficial ectoderm. 
AMien the dorsal fin appears in the mid-line the neuropore is 
pushed to one side, usually the left. Gradually the brain 
ginks away from the epidermis, drawing down the neuropore 
into a funnel-shaped depression, and at the same time drawing 
out the antero-dorsal wall of the brain into a conical elevation, 
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the two remaining connected by a very small tube. Not 
until after metamorphosis does this opening become entirely 
closed and the neuropore then remains as a ciliated funnd 
known as the olfactory pit, which retains an innervation from 
the elevated region of the brain and becomes sensory in char- 
acter, the assumption being that it functions as an olfactory 
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organ. This antero-dorsal outgrowth of the brain may cor- 
respond with the lohus olfactorius impar which marks the 
morphologically anterior end of the brain of the Craniates. 
Just in front of and below tliis is the large cranial pigment spot 
(Fig. 13) in the general region from which the olfactory lobes 
grow out in higher forms. Postcro-dorsally the brain wall is 
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thickened by an accumulation of ganglion cells, and in its 
posterior part two important structures appear. Just in front 
of the opening of the cavity of the cord the ependymal cells 
elongate forming a small median pad which is regarded as the 
infundibvlum (Fig. 13). Posterior to the cerebral vesicle 
proper is an extensive dorsal diverticulum of the neurocoel: this 
has been compared with the IV ventricle of Craniates. 

The simple character of the brain of Amphioxus is obviously 
correlated with the general lack of special sense organs, par- 
ticularly with the absence of the important optic and audi- 
tory organs, and the feebly developed olfactory apparatus. 

2. The Gill Slits 

We may describe first the general morphological arrange- 
ments of the developing gill slits: the development of the first 
gill slit has already been mentioned. 

Although finally symmetrical and paired organs the gill 
slits of the right and left sides develop independently, those of 
the left side first. These appear successively in the mid- 
ventral line, posterior to the first gill slit, and as they form 
they shift upward, on the right side of the pharynx (Fig. 14). 
These are called the primary gill slits, and when twelve to 
fifteen, typically fourteen, have appeared, their formation 
ceases. At this time the more anterior slits are large ovoid 
openings lying well up on the right side; posteriorly they 
diminish in size and lie toward the mid-line. In all these 
wly stages they are metameric and correspond with the 
somites, a correspondence which is entirely lost later on. 
ItTien the full number of fourteen primary gill slits has been 
formed, the secondary gill slitSy or those of the proper right 
side, appear, also on the right side of the pharynx and dorsal 
to the primary series. Their first indication is a longitudinal 
ridge, in which appear six thickenings alternating with the 
primary gill slits in the region between the third and ninth of 
these OFig. 14, B). 
The relations of these parts of the pharynx will become clear 
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if if Ije imaginctl that the fonnative centers located in the 
most anterior region of the pharynx have been twisted out of 
their normal positions, so that the morphological mid-ventral 
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line becomes displaced to the topographical right side, and 
striicture.s morpliologically of the right and left sides appear, 
respectively, dorsally and ventrally on the right side alone. 
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The rudiments of the secondary gill slits enlarge and become 
perforated, and then an additional perforation appears at each 
end of the series making eight in all. As these enlarge, chiefly 
in the ventral direction, the primary gill slits below them are 
moved dowTi to the ventral side, and then over on the left side 
of the pharynx to their proper position (Figs. 14, C; 15). As 
a result of this migration the dorsal and ventral margins of the 
primary gill slits are reversed, and it is evident that the mor- 
phological ventral margins of these actually appeared first to 
lie dorsally. As this migration is going on, first the secondary, 
then the primary gill slits become divided by a downward 
extension of a tongue-like process from the dorsal wall of 
the slit which finally reaches the ventral side, divides the 
originally simple opening into two, and forms the tongue bar 
of the completed structure of the adult (Fig. 15). These 
tongue bars appear in all the secondary slits except the first, 
and in all of the primary slits except the first two and a vari- 
able number of the last. As the primary gill slits approach 
their final position the most anterior disappears completely 
(Fig. 15) and soon after, the last five also disappear, reducing 
the number in the primary series to eight, the same as the 
number originally appearing in the secondary series. This is 
the arrangement of the gill slits at the critical stage, the sym- 
metrization of these structures being one of the important 
phases of metamorphosis. After the reduction of the gill 
slits to eight symmetrical pairs, arranged metamerically, 
additional pairs form slowly, posterior to the primary and 
secondary. These are the tertiary gill slits. They are not 
metameric in their appearance and they displace anteriorly 
the primary and secondary slits, so that the whole gill slit 
series loses its metameric arrangement. 

Regarding the actual details of the formation of the gill 
slits little is known except in certain of the secondary series, 
or those of the right side proper. In these, and presumably 
in most of the primary series also, true gill poucJies seem to be 
formed first, purely of endodermal cells. These are drawn 
out ventro-laterally into small tubes closed by a very thin 
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superiicial layer of transparent ectoderm cells. The tongue 
bar grows down like a stalactite from the roof of the gill pouch, 
and just before it reaches the ventral side of the pouch the 
ectoderm is perforated opposite the tongue bar. But by this 
time the atrial cavity has formed in this region, as will be 
described later, so that the gill slits never open directly to the 
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Fia. 15. — Anterior ends of Amphioius larvv showing the migratJOD of the 
moulb, formation of tongue bars, reduction in primary gill elits, elc. After 
Willey. A, Larva with fourteen primary gi" slits neariy in their definitive pan- 
tion on the left side. Oral hood in process of formation. B. Larva with nina 
primar)-, and eight secondary gill slits. Moulh nearl)- in its definitive anterior 
position and oral hood nearly completed. This larva has nearly reached the 
"critical stage." al. .Atrial cai-ity: h. buccal (oral) cirri;fcr, buccal carily (cavity 
of oral hood): c. cwloni; n. cerebral vesicle; df. dorsal fin chambers: dgil, do>8, 
first and eighth definitive gill slits (second and ninth of the primary series); dph, 
dorsal hoII of phar>-ni (region of epipbar>'Dgeal groove): c. endoslyle: ir«I, ir>9. 
ai\4. first, ninth, and fourteenth primary gill slits: A. hepatic Cipcum: i. intestine; 
Im. lower margin of left metapleural fold; m, moulh; nH, Hatschek's nephndiumi 
p'', peripharyngeal hand: r, renal papilla in floor of atrial CBnfy;ro. Rkderorgan; 
lb, tongue bar; uh, upper margin of oral hood; r. velum. 



outside: the more anterior primary gill slits apparently form 
exceptions to the usual arningenient in opening directly for a 
time (Fig. 17). As the external oi)enings of the pouches en- 
large, the tongue bars move to the surface and if it is true 
that they are completely covered with eudoderm, the atrial 
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cavity on which they border must therefore to this extent be 
lined with endoderm (Legros). 

3. The Clvlhshaped Gland 

The club-shaped gland lies far forward in the pharyngeal 
region, and does not share in the shifting of the gill slits and 
other derivatives of the pharynx with which it is at this time 
connected only at a single point. During the early larval 
period its dilated right end narrows and acquires an opening 
into the pharynx (Fig. 14, A). This '* gland ^' now is in the 
form of a narrow tube, opening at the right end into the 
pharynx and at the left to the outside. It is of doubtful 
significance, both functional and morphological; it has been 
compared with a gill slit and may represent the antimere of the 
first primary, which is otherwise entirely lacking. It soon 
atrophies like this gill slit and disappears without leaving any 
trace (Figs. 14, 15). 

4. The Endostyle 

This appeared as a transverse, ciliated thickening, in the 
floor of the pharynx in front of the club-shaped gland. As a 
thickening of the pharyngeal wall the endostyle is involved 
in the general torsion of this region and passes over to the 
right side (Fig. 12). There its middle region draws back above 
the primary gill slits, t.e., in the morphological mid- ventral 
line, converting the transverse band into a > -shaped structure 
with the apex directed posteriorly (Fig. 14). It continues to 
extend backward, between the rows of primary and secondary 
gill slits, while its limbs draw together coming into contact 
and forming a double strip of cells, which in part become 
differentiated as glandular cells. The endostyle is finally 
carried back into a median ventral position by the time of the 
critical stage (Fig. 15, B). 

From the anterior end of the endostyle two narrow ciliated 
bands — the rudiments of the peripharyngeal bands (Fig. 15, 
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B)y pass around the pharyngeal wall to the dorsal side, and 
there extend backward as a pair of ciliated bands which later 
fuse into a single median structure — the epipharyngeal or 
hyperbranchial groove. 

5. The Mouth and Associated Structures 

This opening on the left side of the head continues to en- 
large during the early part of the larval period, and finally 
extends from a point considerably in front of the first gill slit 
to the region of the fifth gill slit (Fig. 14). WTien the second- 
ary slits begin to develop and the pharynx rotates back to a 
normal position, the mouth gradually shifts its position in a 
horizontal plane, moving around to the anterior end: it finally 
reaches an anterior median position at about the critical 
stage (Fig. 15). As the mouth migrates its margin extends 
inward as the velum, like that of Ammocoetes, finally reducing 
the mouth opening to a small aperture. Later this becomes 
fringed with outgrowths from the free margin of the velum — 
the velar tentacles (Figs. 15, 16). From the base of the velum 
the oral cirri grow out. These are first indicated about the 
time the secondary gill slits appear, and by the time of the 
critical stage they are well developed and their cartilaginous 
supports have become differentiated. At the same time the 
velum begins to form, folds of the integument, first above 
and then below the mouth, grow out, the latter passing for- 
ward toward the region of the snout. These folds are the 
rudiments of the oral hood, and as the mouth passes forward 
they enlarge and shift so as to form the left and right sides 
respectively of the oral hood. The right fold becomes contin- 
uous with the extremity of the dorsal fin as this turns the 
anterior end of the lar\'a (Figs. 15, 16). 

6. The Preoral Pit and Its Derivatives 

The preoral pit, the formation of which from the left anterior 
gut diverticulum has been described, was left as a small sac 
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(Fig. 9, C), opening upon the surface of the left side of the 
head, in front of the mouth. When the rudimentary folds of 
the oral hood appear, the dorsal fold develops just above the 
opening of the preoral pit, which thereafter remains as a struc- 




rio. 16.— Ventral view of anterior eoi] of adult AmphioxuR. The buprni 
ravity has been cut open along the mid-ventral line and Hprcad out. After 
Goodrich. 6, Buccal skeleton; ch. notochord; cr. cirri; aH, groove of Hatschck; 
h, oral hood. Hn, Hatachek's DCphridium; mi, nii, first and third myotomes; 
B. nerve coming from left aide; o, pharyngeal opening of Hatscbek's aephridiutn. 
ro, RUer<H'gan; i. Bolenocytes; i, velum; il, velar tentaclea. 

ture chiefly related with the buccal cavity. Early in the larval 
period the preoral pit enlarges and then divides into a dorsal 
and a ventral portion. The ventral or stomodtBol portion, as it 
ia called, enlarges very considerably, moves to the surface, and 
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spreads out over what is by that time the partly formed oral 
hood. It forms here the irregularly lobed ciliated patch of 
cells called the ^* Rdderorgan" (Figs. 12, 15, 16). The dorsal 
portion of the preoral pit again divides into two parts, one 
lying anteriorly and toward the right, the other posteriorly 
and toward the left. The first of these remains on the right 
side, in the roof of the buccal cavity, and forms there the 
glandular ^^ groove of Hatschek'^ leading to the oral aperture 
(Figs. 14, 16). The second part remains toward the left side 
and draws out into a long fine tube, extending back to the 
pharynx, into which, by the time the larva has six gill slits, it 
acquires an opening above the mouth, and loses its external 
opening (Figs. 12, 15, 16). This part is sometimes called 
**Hatschek^s nephridium^\' its final structure is that of a greatly 
enlarged nephridium (Fig. 16). There seems to be little doubt 
that the dorsal division of the preoral pit is homologous with 
the hypophysis of the Craniates, and with the neural gland and 
its duct of the Tunicates. Some would restrict this homology 
to the anterior portion (groove of Hatschek) alone, others to 
the posterior part alone (Hatschek's nephridium). 



/ . Tlie Blood-vessels 



*y 



The ventral blood-vessel which was formed from cells of 
somewhat uncertain origin between the lower ends of the 
lateral plates as they approached the ventral side, is formed 
throughout the pharyngeal region during the larval period, 
lying between the primary and secondary gill slits (Fig 14, B). 
It first begins to show contractions about the time the first 
gill slit is perforated. 

8. The Atrium 

The presence of the atrium is one of the two chief character- 
istics wherein Amphioxus is essentially unlike other Chordates, 
for a similar structure is found only among the Urochorda. It 
is to be recognized in Amphioxus as a special adaptation to 
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the burrowing habit, serving to protect the delicate and com- 
plicated pharynx. The enclosure of the branchial region by the 
atrium occurs early during the larval period. About the time 
six or seven primary gill slits 
are present, a pair of low folds 
appears in the middle of the 
body region, along the ventral 
surface. These are the so- 
called metapleural folds, at first 
merely thickenings of the ecto- 
derm, but later hollow ridges 
of considerable size; their pri- 
mary cavities are to be re- 
garded as coelomic in origin. 
The metapleural folds lie close 
together and gradually extend 
forward, the right fold proceed- 
ing rapidly in advance of the 
left and passing far up on the 
right side of the pharynx, 
above the primary gill slits, 
which it reaches about the 
time ten are formed (Fig. 17, 
A ) . Later the left fold reaches 
the gill-slit region, diverges 
widely from the right fold, and 

- . 'If ^^O' 17. — Diagrams of three larvse of 

passes to the opposite side of Amphioxus, viewed ventrally, showing 

the secondary gill slits, lying ^^% 5;!*^^*^ a^ ^^1 !"^^,^p^^^^ {^^^ 

•^ ° y JO and the method of their closure. After 

at first in the topographical Lankester and Willey. A. Folds still 

. I . / i_ 1 • 1 completely separate. B. Folds fused, 

ventral region (morphological ^^j atrial cavity thereby established. 

left side) (Figs. 14, B; 17). ^'o™ atriopore to posterior end of 

1 1 /. 1 J pharynx. C. Folds fused throughout. 

The metapleural folds enlarge except in the region of the first two 

^^A •^^w,, ^»-.,u:^« ^f U,w^^V.o4^;^ giU slits, which still open to the outside. 
and new cavities of lymphatic ^Atriopore; gs, primary gill slits; /m. 

character appear within them, left metapleural fold; m, mouth; rm, 
, . , , , , right metapleural fold. 

which encroach upon the 

original coelomic space and lead to their obliteration. 

From the inner face of each metapleural fold a horizontal 
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ridge or shelf appears, just below the level of the body wall. 
These are the subalrial ridges (Fig, 18, A); they grow toward 
one another and fuse across the mid-line, enclosing between 
themselves and the ventral body wall a small space lined with 
ectoderm, whieh is the beginning of the atrial cavity (Fig. 18, B), 
The formation and fusion of the subatrial ridges occur first pos- 




Fia. 18. — DiaKrams of li 
the formation of the alria 
throiitch iarvB with cloven o 
nieUplcural folds. B. Srctio 



B sections throuKh Amphioius larva', showing 

After Lankester and Willcy. A. Section 

! primary eitl slils, BhowinRaubatrial ridE^soo 

L throuifh slightly older larva (FIr. 17, B), showing 



first fuflioD of Buhatriol ridges to form Ihc rudiment of the a 
Srolion ihrouKh advanred larva showine cnlurfccmcnt of atrial oainty and the 
nielliud of ilB encroachment upon the cwlom. n, Atrial cavity; no. dorsal aorta; 
r. culom (Rplanrhnoca-l) ; cA. not ocbord;/, dorsal fin pa\-ity; i, inlealine; ni, nieta- 
plpuralfold containingca'loniir space: nil, myotome; my, niyocccl; n, ner\-e cord; 
nil, subatrial ridges; «c, Bclerotonie: r. sulanlcalinal vein. 

terior to the gill-slit i-egion, and proccH>d thence forward, and by 
the time the secoiidaiy gill-slit series is completed the bran- 
chial region is completely covered. Anteriorly the subatrial 
ridge.-s merge with the lx)dy wall closing the cavity at tliis end, 
but posteriorly the atrial cavity remains 0(>en to the outside as 
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the atriopore (Fig. 17). The cavity, at first very small, gradu- 
ally enlarges (Fig. 18, C) pushing upward each side of the 
pharynx, ultimately surrounding it on all sides except the 
dorsal, where alone the pharynx remains connected with the 
body wall. The space occupied by the atrium was previously 
the region of the general ccelom. The development of the 
atrium therefore reduces the ccelom to a number of greatly 
reduced and somewhat scattered spaces. The chief of these 
are (a) the pair of dorsal ccelomic canals along the dorso-lateral 
regions of the pharynx, from which the atrium remains sepa- 
rated by the suspensory folds or denticulate ligament; (6) the 
endostylar ccelom in the ventral region below the endostyle; 
and (c) the branchial ccelomic canals connecting the two pre- 
ceding regions by way of very small canals in the primary 
branchial arches. Posterior to the atriopore the ccelom remains 
for a time in its normal relation, but later the atrial cavity 
extends into this region on the right side nearly to the anus, 
leaving the ccelom widely open only on the left side of the 
intestine. 

The atrial cavity is formed in the branchial region just before 
the primary gill slits (except perhaps the more anterior) are 
perforated, so that from the first these open into the atrial 
cavity and never directly to the outside. From its mode of 
formation the denticulate ligament or suspensory fold is seen 
to be a membrane equivalent to the body wall, and therefore 
covered on its atrial surface with ectoderm. Of course the 
remainder of the atrial cavity is lined with ectoderm, except, 
as we have seen, that the endodermally covered tongue bars 
line a small portion of it. 



9. Larval Asymmetry 

The nature and extent of the larval asymmetry of Amphioxus 
represent the most important difference between the develop- 
ment of this form and other Chordates. The asymmetry of 
such structures as the neuropore and anus, which have merely 
been displaced slightly by a later medially developing-structure 
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(in these cases the median fins), is not unusual or of particular 
importance. Nor is the alternation on opposite sides of the 
body of the mesodermal somites and structures primarily re- 
lated to them, such as the spinal nerves and gonads. The 
asymmetry which is unique in Amphioxus concerns the for- 
mation of the mouth, gill slits, and other organs connected with 
the anterior end of the pharynx and with the oral hood. One 
of the remarkable facts in this connection is that the asymmetry 
is not indicated in early development and is wholly corrected 
later in larval life, so that it is wholly limited to a comparatively 
brief period during larval development. It is obviously a 
purely secondary or coenogenetic character, and must be ex- 
plained as in some way adaptive either to present or past 
conditions of development. We may mention but a single 
explanatory hypothesis — that of Willey. 

The starting point of this hypothesis is the assumption of a 
primitively median dorsal position of the mouth, for which there 
is some evidence. The second consideration is the extension of 
the notochord forward to the tip of the snout, far in advance 
of the central nervous system and enteron. So far as is known, 
Amphioxus is the only form in which the chorda extends in 
this way — in all Craniates it stops in the region of the mid- 
brain. This anterior extension of the chorda, which is ob- 
viously an adaptation to the burrowing habit assumed at the 
close of the larval period, occurs very early in development 
and necessarily prevents the mouth from appearing in the mid- 
dorsal region. The net result of this is the shifting of the 
formative centers of the mouth, and associated structures of 
the oral hood, to one side, actually the left, and the correlated 
shifting of the formative centers of other pharyngeal organs. 
The whole rotation occurs in a counterclockwise direction, 
throwing structures of the proper left side over to the median 
line, or even to the right side, structures of the median line 
up on the right side, and structures of the right side proper, 
still higher up on the same side. The region of extreme torsion 
is around the mouth so that posteriorly the amount of dis- 
placement, becomes loss and less and in the posterior part of 
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the pharynx the parts appear and remain in a normal 
position. 

Such an asymmetry is in itself obviously not advantageous 
(adaptive) and during later development it becomes corrected 
by a compensatory rotary growth of the pharyngeal structures 
in the opposite direction, while the mouth and associated struc- 
tures (Raderorgan, groove of Hatschek, etc.) move chiefly in 
the anterior direction. 

This explanation of the origin and correction of the larval 
a83rmnietry may be accepted though its necessarily hypothet- 
ical character should be clearly recognized. 

10. The Mesodermal Somites 

At the commencement of the larval period there were four- 
teen or fifteen pairs of somites formed, and we have seen how 
each of these divides into a dorsal myotome, with its small 
myocoel and thickened muscular wall, and a ventral lateral 
plate with thin walls and large splanchnocoel, and further how 
the median, anterior, and posterior faces of the lateral plates 
break through, forming a continuous ccelom, walled extern- 
ally by somatic and internally by splanchnic mesoderm (Fig. 
19, -A). By the time three primary gill slits have been formed 
the number of somites has more than doubled, and the full 
adult number (sixty-one in the common species of Amphioxus, 
Branchiostoma lanceolatum) is acquired by the time the series 
of primary gill slits is completed. All of these additional 
somites are formed from the rapidly elongating posterior 
region of unsegmented mesoderm, which has been carried 
backward past the neurenteric region by the outgrowth of the 
tail. 

During the later development of the somites their myoto- 
mal region increases largely in vertical extent, and the nar- 
rowed myoccel sends downward a thin-walled extension below 
the myotome proper. This divides into two folds or out- 
growths: one of these folds extends inward and upward, be- 
tween the myotome or protovertebra as it is sometimes called, 
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and the axial structures — notochord and nerve cord, to the 
region of the dorsal fm (Fig, 19, B). This is the sclerotome; its 
inner or axial layer is called the skektogenous layer and ^ves 
rise to dense fibrous connective tissue forming the notochordal 
and neural sheaths; its outer or myotomal layer remains thin 
and forms the fascia covering the muscular protovertebra: 
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the cavity between the two layers is soon obliterated by an 
accumulation of connective tissue. There is no fascia on the 
outer surface of the protovcrtel)ra or myotome such as is found 
in Craniates. The second or dermal fold (dermatome) of the 
niyoccelic wall, extends downward and outward between the 
somatic layer of the lateral plate and the ectoderm (Fig, 19, B), 
where its inner anti outer layers come into apposition and form 
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the cutis layer of the mtegument. The blood cells and many 
of the important blood-vessels appear to be derived from the 
skeletogenous layer of the sclerotome. 

In the adult the lateral plate forms only the linmg membrane 
of the coelom, its somatic layer, the body wall, its splanchnic 
layer, chiefly the wall of the gut outside the endodermal 
epithelium. The ventral musculature develops later and 
appears to be derived from the parietal (somatic) layer of the 
lateral plate. 

Among the Craniates the sclerotome is formed from a mass 
of mesenchyme cells, a tissue which is noticeably lacking in 
Amphioxus. It remains an open question whether in this 
organism the formation of the sclerotome by a folding of the 
myoccrlic wall, and the correlated paucity of mesenchyme cells, 
is a primitive or secondary character. 

11. TIw Nephridia 

The development of the nephridia is very incompletely 
known (Legros, Goodrich). They appear in connection with 
each gill pouch, as these are first marked out (Fig. 14, A), as 
groups of mesoblast cells along the outer faces of the endo- 
dermal gill pouches, lying at the base of a narrow ccelomic groove 
in this region. These mesoblast cells soon form a definite 
blind tube extending posteriorly and ventrally from the 
coelom toward the gill pouch. The mesodermal cells compos- 
ing the small nephridial rudiments become differentiated, for 
the most part, as clear cubic cells, but a group of soUnocytes 
is distinguished as a small collection of elongated granular 
cells in the neighborhood of the ccelomic opening of the tubule. 
Then the lower end of the nephridial tube fuses with the dorsal 
wall of the gill pouch, just posterior to the region of the devel- 
oping tongue bar. Finally it opens into the gill pouch, about 
the time this becomes perforated externally, and at the same 
time its ccelomic opening is closed and the solenocytes elongate 
into the coelom (Fig. 20). 

The first formed nephridia apparently become functional 



54 OUTLINES OF CHORDATE DEVELOPMENT 

when four or five slits are formed. When the anterior and 
posterior primary gill slits atrophy the associated nephridia 
seem also to atrophy and later to be re-formed in connection 
n'ith the tertiary gill slits although actual details in the pro- 
cess are unknown. 



12. The Larva at the Critical Stage 

We may now summarize briefly the most important char- 
acters of the larva at the close of this period, in what is called 
the critical stage, marked by the sym- 
metrization of the mouth and pharynx, 
and the reduction of the giti slits to eight 
symmetrical pairs. The larva (Fig. 15, B) 
is about 3.5 mm. in length and tapered 
at each extremity. The only exte> 
nal opening added during this period is 
the atriopore, and the neuropore is about 
to close. The mouth has assumed a 
symmetrical anterior position, and in 
front of it a buccal cavity has been es- 
tablished by the outgrowth of the oral 
hood, from the base of which the buc- 
cal cirri have begun to grow out. The 
full number (61) of somites has been 
formed for some time, and a definite tail 
region has grown out posterior to the 
anal opening. The provisional caudal 
fin has been replaced by a permanent 
caudal fin fold continuing anteriorly as 
Liiornpphri- the median dorsal and ventral fins, the 
ex enia fj^p^gj. continuous With the right side of 
the oral hood. The ventral fin has dis- 
placed the anus to the left side. The atrium is a spacious 
cavity receiving the external openings of tlie eight pairs of 
gill slits, of which the anterior pair remains undivided by a 
tongue bar, while the posterior one or two pairs are as yet in- 
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completely divided. The liver or caecum is just beginning to 
develop. 

At this time the larva largely gives up its free swimming 
habit, and assumes the adult habit of burrowing in the sand 
or mud of the bottom, frequently remaining buried with 
only the anterior end protruding. The cilia of this exposed 
region, and of the pharynx in general, vibrate actively, carry- 
ing into the pharynx a respiratory current containing small 
nutritive organisms. The age of the larvae at the critical stage 
varies greatly but three months may be taken as a rough 
approximation. 

IV. THE ADOLESCENT PERIOD 

The larva now enters upon its long period of adolescence. 
This is characterized by the very gradual assumption of adult 
characteristics, chiefly through histological differentiations and 
increasing complexity of many regions of the body. The devel- 
opment of the brain and cord has been mentioned. In the 
phar3mx pairs of gill slits (tertiary) are slowly added and the 
pharjmgeal wall assumes the complex structure of the adult. 
Apparently gill slits are added slowly throughout life, and 
usually number upward of one hundred pairs in mature speci- 
mens. The liver pushes forward as a simple blind sac, into the 
atrial cavity on the right side, carrying before it a fold of fused 
atrial and coelomic walls; finally it extends far forward into the 
pharyngeal region. The most important development of the 
period is the formation of the gonads. 

Gonads 

In reality the gonads begin to develop before the end of the 
larval period. They appear in the ninth or tenth segment and 
continue to about the thirty-fifth. They are first indicated 
as small groups of cells in the floor of the myocoel, in the re- 
gion where the skeletogenous layer passes into the cutis layer. 
This is the region of the nephrostome in the Craniates, and the 
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gonadiaJ cavities which appear later have been compared 
with the nephrostomes, or "gono-nephrostomes/' of the higher 
forms, and it seems Hkely that Amphioxus may be primitive 
as regards the position and origin of the germ cells. At any 
rate Amphioxus is primitive in that the gonads arise and 
remain as metameric struetm'es, entirely separate from the 
excretory system. 

Shortly after the completion of the larval period, in specimens 
about 5 mm. long, these small groups of cells are found in the 
antero-ventral region of the segment, toward its inner or atrial 
surface, Ijdng along the posterior face of the dissepiment sepa- 
rating the surrounding myocoel from that next anterior. As 
these cells slowly multiply they push forward into this next 
anterior myoca^l forming, in its post ero- ventral region, a small 
bud covered with a fold of the dissepiment. This dissepiment 
soon becomes sac-like and remains attached by a short stalk 
to the anterior face of the remainder. This solid gonadial rudi- 
ment soon develops a cavity within its mass. "VMien the larva 
is about 12 mm. long, this general region of the myoccel becomes 
cut off by a fold the outer myotomal wall, leaving the gonad 
surrounded outside of its own wall by a portion of the general 
myocoelic space; this is the perigonadial ccelom or gonoccel (Fig. 
21, A). In the base of this fold is a blood-vessel — ^a branch of 
the posterior cardinal vein, which extends through this entire 
region. 

Then the gonadial cells move toward the atrial side of the 
original gonadial sac, leaving the dissepimental wall as the 
visceral wall of the gonoca^l while its parietal wall is formed 
by this latter downgrowth of the myotomal wall (Fig. 21, B). 
The cavity of the gonad enlarges, as the primary gonadial 
(ovarian or testicular) cavity^ toward the outer or atrial side of 
which the definitive germ cells are crowded and become covered 
by a follicular epithelium, also formed from cells of the original 
mass. The later history is more completely worked out in 
connection with the ovary, although it is known that the 
development of the testis is closely similar. 

The outer (atrial) region of the gonoca^l, lying between the 
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Fio. 21. — DiagramB of sectiona through the gonadB of Amphioxus in three 
■tagcB of development. After Cerfontaiae. Atrial surface toward the riiiht. 
A. Early atage. B. Intermediate stage. C, Late stage showing definitive 
airangement. b, Peribranchial (atrial) epithelium; c, cicatrix;/, true follirular 
epithelium; /c, exterDnl layer of follicular epithelium: g, g»noc<£l; ge, germinal 
«pitlieliuni;oi, priniBry ovarian cavity; oi, secondary ovarian cavity; pg, parielal 
la>-er of gonoccel; d. cardioal vein; tg, visceral layer of gonocceL 
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genital cells and the atrial epithelium, enlarges above and below 
the region of the original stalk of attachment, which, by the 
general growth of the gonad, is pushed from the myotomal to 
the atrial surface. This cavity is now known as the secondary 
gonadial (ovarian or testicular) cavity (Fig. 21, C). In the 
outer wall of this, just above and below the stalk of attachment, 
two specialized thickenings develop; these are the cicatrices. 
As the gonadial cells multiply and enlarge they crowd upon 
these cavities and nearly obliterate them, particularly those 
toward the myotomal surface, but the essentially epithelial 
arrangement is not lost, and as the ova develop, as described 
at the beginning of this chapter, their polarity has a definite 
relation to their position in the epithelium, such that the animal 
pole is toward the free surface. When the germ cells are fully 
developed the inner and outer gonadial envelopes contain 
muscle fibers, the contractions of which appear to assist in 
rupturing the visceral layer of the gonocoel in the region of 
the secondary gonadial cavity, and force the germ cells into 
this cavity, where they remain for some time before extrusion. 
Sexual differentiation within the gonad appears in specimens 
about 18 mm. in length. 

When the fully formed germ cells, ready for laying, have 
accumulated in the secondary gonadial cavity, strong contrac- 
tions of the body wall and ventral musculature rupture the 
outer membrane in the region of the cicatrices, and they are 
forced into the atrial cavity, whence they are carried to 
the outside tlirough the atriopore by the respiratory current, 
aided by continued muscular contraction. Individuals of the 
common species of Amphioxus apparently first produce mature 
germ cells, that is, become adult, when they reach a length of 
about 2 cm.; the age of such specimens is unknown. 
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The frog (7?ar?a, sp,) is important zoologically, not as a 
central type representative of any large group of Chordates, 
but as a transitional form connecting the lower and higher 
groups of Craniata. This relation is no less apparent embryo- 
logically than morphologically. For there are comparatively 
few groups — Lampreys, Ganoids, Dipnoans — whose develop- 
ment can be compared closely with that of the Amphibia, while 
the types of development seen in the Cephalochorda (Amphi- 
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oxus) and among the Elasmobranchs, Teleosts, and all of the 
Amniota, are in various respects quite special. Many of these 
special conditions may be more easily understood and com- 
pared through common reference to the Amphibia so that as a 
form transitional between the lower and higher Craniates the 
frog is a type of great importance. 

There are also practical and historical reasons for empha- 
sizing the development of the frog. The size of the eggs and 
their abundance at a season convenient for their study, the 
hardiness of the embryos under laboratory conditions and 
during experimental manipulation, and the ease with which 
the eggs may be fertilized in the laboratory, all make the frog's 
^gg ^ particularly valuable laboratory subject. For such 
reasons this egg has served as the basis for many of the great 
embryological classics; in this respect the egg of the frog is 
second only to that of the fowl. And much of the important 
modem experimental embryology has had this same object 
as its basis, so that a thorough knowledge of the development 
of the frog is essential to the student of biology. 

I. OLTLINE OF THE LIFE HISTORY OF THE FROG 

It wHU prove advantageous to recall, at this point, the most 
striking facts relating to the life history and development of 
external characters of the frog. The later development of 
this animal is marked by several abrupt changes in habit, 
accompanied by pronounced external modifications, but the 
earlier development is not so obviously divided into periods, 
marked by striking changes in habit or structure. The whole 
period of development may be subdivided as follows : 

I. The Formation and Production of the Germ Cells. — This 
period terminates with spawning. 

II. The Embryonic Period. — This is conveniently divided into: 

A. From Spawning through Gastrulation and Noiogenesis. — 
This includes fertilization, cleavage, the formation of the 
germ layers, the formation of the neural tube and noto- 
chord, and the establishment of an early embryo. 

B. From the Early Embryo to the Time of Hatching, 
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III. The Larval Period. — From hatching to metamorphosis. The 
actual developmental processes of this and the latter part of the embry- 
onic period (II, B.) are most conveniently described together. 

IV. The Adolescent Period. — From the beginning of metamorphosis 
to sexual maturity. 

The durations of these periods can be given only in the 
roughest way since they vary with the species and particularly 
with the temperature and food supply; to a lesser extent the 
same is true regarding size. The ages and lengths given 
below are to be regarded then as only approximations under 
favorable conditions of development. 

The period of formation of the germ cells occupies the long 
interval between the annual spawTiing seasons. For the most 
part the germ cells are formed during the summer so that in the 
following spring only the final steps remain to be accomplished. 
Fertilization is external and maturation of the egg is not com- 
pleted until the entrance of the sperm cell. SpawTiing occurs 
during the first warm days of spring in most species, although 
some, like the bull-frog (/?. catesbiana) may not spawn until 
summer. The cleavage of the egg terminates with the forma- 
tion of a fairly typical blastula, followed by gastrulation, which 
is complicated during its later phases by the precocious proc- 
esses of notogenesis and formation of the middle germ layer. 
During these early phases of development, which usually 
occupy about thirty-six hours, the spherical form of the egg is 
retained (Fig. 22, 5), though a slight enlargement may result 
from the formation of internal cavities and the absorption of 
water. As notogenesis is completed the embryo begins to 
form, bent around the curved surface of the gastrula (Fig. 22, 
C, D). Soon, however, the embryo becomes slightly elongated, 
and shortly this elongation becomes quite marked chiefly as 
the result of the enlargc^ment of the head region and the growi:h 
of the posterior part of the body (t^ig. 22, E). Fig. 22, F, 
shows an embryo of about two days (2.5 mm.), at the stage 
which we may arbitrarily assume to represent the end of the 
first division of the embryonic period. 
. The neural tube is entirely closed, the blastopore roofed over, 
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Flo. 22. — Repreoent alive atagee in the development of (he (ros- C~P, after 
KMbel(Kop«;h). G. H. from Ziegler'Bmodelii. A. Unferlili.ed ovum. B. Fully 
formed gBstrula; pontenor view. C. Early ata^e in the formalioik of Ihe central 
nervoua ■ystem; dorsal view. D. Side view of young embryo shoniDK the rudi- 
ments of the viseern! archea. E. Side view of an embryo with central nervous 
aystem eataUiBhed, and optic vesiolee indicated. F. .Side view of "early emhryo." 
ahowinK formation of head and tail Tegions. G. Side view of embryo juat before 
hatching. H. Fully formed tadpole, showing rudiments of hind-limbs, a. 
Animal pole; b. blastopore containing yolk plug: ba, branchial arches: eg, rudi- 
ments of external ttilla: hi, hind-limb bud: rn, mouth: mh, mandibular and hyoid 
■Tchea; nf. neural folds; rto, neural groove; np, neural plate; o, olfactory and 
atomodnml pit; op, rudiment of optic vesicle: opr. right opcnlnR of opercular cavity, 
lust before its closure; p. proctodsum; pn, proncphric eminence; r. branchial 
ridtte (plate); i, oral sucker; t, rudiment ol tail; (n/, tranaverac ncltfal fold; 
«. vegetal pole. 
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and in the head region are visible the rudiments of the man- 
dibular and hyoid arches and the optic vesicle. 

The influence of the yolk mass upon the form of the embryo 
now diminishes rapidly, and during the next few days external 
change consists largely in the appearance of a definite body 
region, the elongation of the tail, and the enlargement of the 
head upon which appear olfactory pits, stomodaeum, and 
sucking disc, and just back of the head the rudiments of 
external gills and the pronephric elevations (Fig. 22, G). 

At about six days (5 mm.) the embryo begins to show muscu- 
lar twitchings, and about one or two weeks after fertilization 
the embryo wriggles its way out of the jelly and becomes a 
free li\dng larva or tadpole (Fig. 22, G). This marks the end 
of the embryonic period. (In the higher temperatures of the 
laboratory the larva? may hatch within five days after fer- 
tilization.) For some days after hatching the larvae remain 
comparatively inactive, sometimes attaching themselves by 
their U-shaped suckers to the outside of the jelly mass, or to 
other objects in the water and hanging thus, singly or in groups. 
Or they may fall to the bottom and lie passively on one side. 
During the days just after hatching the larvae are still depend- 
ent for food upon the yolk contained ^^dthin the wall of the 
intestine, but about two to five days after hatching the mouth 
opening is formed, and the tadpoles begin to take in food from 
outside. As the tadpoles begin to feed they become active, the 
sucker becoming functionless and diminishing; and soon they 
are in almost constant motion searching for food over the bot- 
tom, or in the surface film of the water. The mouth becomes 
fringed with lips, covered with horny rasping papillae and 
furnished with a pair of horny beaks. Their food consists of 
almost any kind of plant or animal debris and this is con- 
sumed in immense quantities. In captivity tadpoles thrive 
perfectly on a diet of any cereal, with the occasional sacrifice of 
one of their own number. As the alimentary tract becomes 
functional the digestive glands increase in size rapidly, and the 
long intestine, coiled like a watch spring, can easily be seen 
through the ventral body wall. This enlargement of the diges- 
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tive tract gives the body a well-rounded form, sharply marked 
off from the narrow tail, upon which develop large dorsal and 
ventral fin-like folds of skin; this is the only locomotor organ 
in the tadpole. A period of rapid growth follows upon this 
voracious feeding; the rate of growth depending upon tem- 
perature and food supply. 

Immediately after hatching external gills develop rapidly on 
the sides just back of the head, and for a time these are the 
only respiratory organs, but about the time the mouth opens 
four pairs of gill slits successively perforate the pharyngeal 
wall, and their borders become folded forming the true internal 
gills: thereupon the external gills gradually diminish and after 
a few days disappear completely. At this time the branchial 
region becomes covered over externally by a protecting oper- 
cular fold of integument, the opercular cavity thus formed 
finally remaining open on the surface only by a single excur- 
rent pore or "spiracle" on the left side. 

During the next few weeks, while the tadpole continues to 
feed almost incessantly, there are few external changes except 
the general increase in size. About four or five weeks, ordi- 
narily, after hatching (much sooner at room temperature) the 
limb buds appear, first the anterior pair within the opercular 
cavity and therefore not visible externally, and soon after the 
posterior pair either side of the cloaca (Fig. 22, H), By the 
end of the second month these have enlarged and become 
jointed. 

For some time previous to this the tadpoles have been coming 
to the surface occasionally to expel small bubbles of air from 
the slowly developing lungs, and to gulp down a fresh supply, 
and as this aerial respiration increases the internal gills retro- 
gress and the gill slits diminish. 

If developmental conditions have been favorable and food 
abundant, about the end of the third month the period of 
metamorphosis commences during which, in the space of a few 
days, the tadpole loses many of its characteristic structures 
adapted to aquatic life and rapidly, almost suddenly, assumes 
the characteristics of the amphibious frog. **The tadpole 
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ceases to feed; a casting, or ecdysis, of the outer layer of the 
skin takes place; the horny jaws are thrown off; the large 
frilled lips shrink up; the mouth loses its rounded suctorial 
form and becomes much wider; the tongue, previously small, 
increases considerably in size. The eyes, which as yet have 
been small, become larger and more prominent. The fore- 
limbs appear, the left one being pushed through the spout- 
like aperture of the gill-chamber, and the right one forcing its 
way through the opercular fold, in which it leaves a ragged 
hole. The abdomen shrinks; the stomach and liver enlarge, 
but the intestine becomes considerably shorter than before, and 
of smaller diameter; the animal now becomes carnivorous. 
The gill-clefts close up; the gills themselves are gradually ab- 
sorbed; and important modifications, accompanying the change 
in the mode of breathing, occur in the blood-vessels of the 
pharynx. The kidneys undergo considerable changes; the 
bladder is formed; and sexual differentiation is definitely estab- 
lished. The tail, which is still of great length, now begins to 
shorten, and is soon completely absorbed; the hind legs lengthen 
considerably, and the animal leaves the water as a frog." 
(Marshall, "Vertebrate Embryology," pp. 93-4). 

It frequently happens that a cool season or a scarcity of 
food delays this period of metamorphosis until late in the 
summer, and not infrequently the winter is passed in the tad- 
pole stage, metamorphosis of the then overgrown tadpoles 
occurring the following warm season. Indeed in some species 
{e.g,j bull frog, R. catesbiana) this is normal. The length 
of the period which elapses after metamorphosis, before sexual 
maturity, varies widely. Some species seem to mature the 
second spring after metamorphosis, i.e., when two years old, 
others not until two or three years later. 

II. THE GERM CELLS AND THEIR PRODUCTION 

A. The Egg and Sperm at the Time of Spawt^ing 

The fully formed ovum is a si)herical cell varying, in different 
species of frogs, from L5 to 3.0 mm. in diameter — about 1.75 
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to 2.0 mm. in the commoner forms. Externally one-half or 
more of the egg is colored densely black by the accumulation 
of pigment granules, while the remainder is a creamy white 
(Fig. 22, A); the relative extent of the light and dark areas may 
vary considerably. This is an external indication of the funda- 
mental polarity of the ovum which is expressed in a variety of 
ways; the pigmented region is the animal pole. When undis- 
turbed in the water the eggs tend to assume, very slowly, a 
definite position such that the animal pole is turned upward. 
The animal pole is slightly flattened and frequently in this 
region a spot (the fovea) of lighter color may be seen. 

The egg is provided with primary, secondary, and tertiary 
membranes. The primary or vitelline membrane is very thin 
and delicate, and is often indistinguishable on account of the 
accumulation of the pigment granules within or under it, and 
it may never actually separate from the surface of the egg; its 
existence is denied by some. The secondary membrane, or 
chorion, is a thin tough membrane, a secretion of the ovarian 
follicle cells. Surrounding this the tertiary membrane forms 
a thicker jelly-like layer derived from the walls of the oviduct; 
just at the time of laying this is rather dense and closely 
applied to the surface of the chorion, though in a short while 
it enlarges and then its structure becomes clear (see below). 

The egg proper is composed of different kinds of substance, 
three of which are visibly differentiated (Fig. 23, C). The 
pigment granules, which appear brown in a thin layer, are 
found in small numbers scattered throughout the upper half, 
or more, of the egg, and on the surface of this they are collected 
in a thin but dense layer. They thin out rather abruptly just 
below the equator of the egg. This pigment is apparently to 
be regarded as a metabolic by-product and is without particular 
prospective significance in development, although as mentioned 
later it may absorb heat and so tend to elevate the temperature 
of the egg. This part of the egg contains also a small amount 
of deutoplasmic material. The protoplasm of the lower or 
vegetal pole of the egg is filled with this deutoplasm in the 
form of granules or semifluid plates, round or oval, and of 
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variable sizes. The egg of the frog is therefore markedly 
tclolecithal. 

In the animal pole the nucleus is contained. At the time of 
e^ laying this is in the metaphase of the second polar division 
(Fig. 26, /). The first polar body has already been extruded 
and though very small, may be found near the light spot in 
the flattened area at the upper pole. 




Fio. 23. — Egg and epermBtoioa or Trog A SpermatoxoQn of Sana futta. 
Afler BroniBD. B. Spcriustozodn of R escultnia After B oman C Section 
through the fully formed □ an an egg of Ranaep P om Mo gao (Dei elopmcDt 
of the Frog's Egg). The p o op asm c animal poteia covered with Btbm layer 
of pigment; vegetal pole filled with >olk bodies, other deutoplasmic granulea ars 
distributed throughout the cell. The large nucleus, or germinal veaicle, sor- 
roundcd by a definite nuclear membrane, lies eccentrically toward the BBimal 
pole, and contains the thread-like chromosomes and a group of nucleoli. 



The specific gravity of the deutoplasm is slightly greater than 
that of the protoplasm, and this brings about the assumption 
of the definite position of the egg with tlie vegetal pole down- 
ward. But at this time the egg membranes are so closely 
adherent that its rotation to this position may be very slow. 

At this time, i.e., preceding fertilization, the only symmetry 
of the egg is that expressed by its polarity. That is to say it 
has no single j)Iane of symmetry, only an axis of symmetry 
([jolar axis); this is the primary egg axis passing through the 
middles of the light and dark (vegetal and animal) poles. 
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The spermatozoa of the frog are quite typical in size and 
form (Fig. 23, A, B). They are about 0.1 mm. in length; the 
head is comparatively long, in some species tapered and curved 
at the apex with a laterally attached adhesive perforatorium 
or in others, quite blunt with a small rounded perforatorium. 
The anterior centrosome lies in the head, the posterior in the 
middle piece. 

B. The Formation of the Germ Cells 

1. Tlie Reproductive Organs 

Before describing the formation of the ova and spermatozoa 
it will be necessary to recall the essential arrangement of the 
gonads and their ducts in the mature organism. The develop- 
ment of the system will be described later. 

The single pair of ovaries are proliferations of the cells form- 
ing the longitudinal genital ridges. These project from the 
body wall for some distance along either side of the dorsal 
attachment of the mesentery (Fig. 24). Each is surrounded 
by a peritoneal fold (mesovarium) , which also slings the organ 
from the dorsal body wall and transmits its nervous and vas- 
cular supplies. Each ovary is divided transversely into a 
series of compartments. In each of these is a small internal 
cavity the thick wall of which is formed by the germinal tissue 
proper. After spawning the ovaries are left as small rudi- 
ments, and during the following summer eggs are formed in 
large numbers and their growth is practically completed be- 
fore the beginning of the period of hibernation. The ova are 
all formed from a few primitive ova which divide repeatedly, 
forming small groups or nests of cells, one of which enlarges 
becoming the ovum proper, while the others around it be- 
come the nutritive follicle cells (membrana granulosa). As the 
growth of the ova is completed, the ovaries are so enlarged 
that they occupy a large part of the body cavity and crowd 
upon the other viscera. 

Loosely attached to the anterior ends of the ovaries are the 
fat bodies — ^large masses of yellow streamers of lymphatic 
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tissue, filled with drops of fatty substance chemically similar 
to the deutoplasm of the eggs. These are larger and more 
abundantly supplied with fat just prior to the breeding season. 
Their function seems, in part at least, to supply the material 
used in the final stages of the growth and maturing of the eggs, 
and also possibly, though doubtfully, for the nutrition of the 
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animaU themselves jirior to and tiuring the spawning season, 
for u.*ually no food is taken after the end of their period of 
hil>eniation till after spawning is compieteti. 

The rr^maining parts of I lie female reproductive Ei\-stem are 
the 0%-iducts (Mullerian ductsi. These are a pair of very 
long, much convolutetl tiilx-^, of small diameter but with 
rather thick walls, i-uspendcd from the dorsal body wall by 
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folds of peritoneum attached just along the outer sides of the 
mesovaria (Fig. 24). Each oviduct opens directly out of the 
body cavity at its upper end by a ciliated ostium, and at its 
lower extremity it opens into the cloaca. The thickness of the 
oviducal wall is due chiefly to the presence of glands secreting 
the albuminous material which forms the outer egg membrane 
or jelly; the lumen of the duct is lined with ciliated epithelium. 
Both the length of the oviducts and the thickness of their 
walls are subject to seasonal variation, the glands being 
largest and the ducts most convoluted during the time of egg 
laying. The lower extremities of the oviducts are thin walled 
and easily dilatable forming the so-called *' uteri/' serving as 
storage spaces for eggs ready to be laid. 

In the male there is a single pair of ovoid testes (Fig. 25), in 
a position corresponding to that of the ovaries, and similarly 
suspended from the dorsal body wall by a peritoneal fold 
(mesorchium). Each testis is drained by a variable number 
(ten to twelve usually) of vasa efferentia which, after penetrat- 
ing the kidney, open into a longitudinal collecting duct — the 
vas deferens (Wolffian duct) which serves also as a ureter. Just 
before the vasa deferentia open into the cloaca they are dilated 
into the seminal vesicles, where mature sperm are stored just 
previous to spawning. The testes are divided into lobes like 
the ovaries and each lobe is further subdivided into lobules, in 
the walls of which the sperm develop and mature. There are 
fat bodies in the male similar to those in the female (Fig. 25). 
The testes also show much the same seasonal variation in size 
as the ovaries, in some species in which the formation of sper- 
matozoa is seasonal, while in others, which form the sperm 
continuously, there is less variation. 



2. Oogenesis 

During the later ovarian history of the eggs the maturation 
processes are commenced and the deutoplasm or yolk material 
is accumulated (growth period). The nucleus of the early 
primary oocyte passes into synizesis on that side of the nucleus 
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toward the attraction sphere (Fig. 26, A). After synizesis the 
chromosomes scatter through the nucleus as small feathery 
bodies (Fig. 26, C), which stain lightly and become vacuolated, 
finally losing their identity. Meanwhile small yolk particles 
of mitochondrial nature appear in the cjrtoplasm, in the region 
of the attraction sphere and apparently under its influence. 
During the growth period the mitochondrial particles and 
yolk bodies accumulate rapidly, especially around the attrac- 
tion sphere giving it the appearance of a yolk nucleus, whence 
they extend to other parts of the cell except in the region 
immediately surrounding the nucleus. Finally the "yolk 
nucleus" breaks down and the deutoplasm around it scatters 
through the cytoplasm (Fig. 26, D, E). 

Toward the close of this process the nucleus moves toward 
one side of the cell, marking the polarity of the ovum, and 
from the first the yolk accumulates in the side opposite the 
nucleus or vegetal region, while around the nucleus in the 
animal region the protoplasm contains much less deutoplasm; 
the superficial protoplasm of the animal pole also contains 
many pigment granules. 

As the growth period of the primary oocyte is completed 
the nucleus moves up to the surface of the cell which becomes 
flattened or even depressed toward it; at the same time the 
pigment over the nucleus is partially displaced or withdrawn 
and the lighter fovea results. The nucleus is very large and 
clear; no chromatin network is visible and the only chromatic 
bodies in it are the nucleoli. The nucleoli are quite numerous 
and apparently of two kinds — true nucleoli whose real nature 
is doubtful, and chromatin nucleoli. The nucleus becomes 
elongated parallel with the surface of the egg and pigment 
accumulates around it, while the nucleoli become vacuolated 
and much enlarged. Some of the nucleoli dissolve while 
others fuse into large masses and the chromatin nucleoli collect 
in a small group near the center of the nucleus. 

While these events are occurring within the nucleus a pro- 
nounced cytoplasmic modification has appeared. Along the 
lower or inner side of the nucleus a small cytoplasmic area has 
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Flo. 26. — OOgeDesis !□ the froK (R. temporarta) A E After Lams F I, 
AlWt Lebtun. A. Primary oScyte in ByniicHig B Priniarj oOojto with iitel- 
t>M aubataace of mitochondrial (chromidial) onmn in the r^loplasn (. 
fniatiy o6cyt<i showing Teathery chromoBomcB and chromatin nucleuJi D 
I^ary o6cyte with ring-like vitelline mass. E Pnmarj oor>te shoniDg cMo- 
ptura in two lonefi. F. Nuclear region of primary odrvte afler diBaoludon of 
the nuclear membrane, Hhowing the small chromoBomes and lar^c chromaliD 
Dudtoli Egg stilt in ovary. G. First polar spindle in primary posilion. From 
eu in body cavity. H. First polar spindle in melaphaee. From egg in uterus. 
'. First polar body formed and second polar spindle forming. From egg in 
HIous. a. Attraction sphere; c, chromosomes: /. follicle cell;': Q, coDleiits of 
Imuiaal vesicle; n. chromatin nucleoli; n, vitelline substance of mitochondrial 
(cbromidial) origin; y, yolk plates; I, first polar spiadle (polar body, in /); 
II, second polar spiodla. 
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become diflferentiated and from it radiations begin to pass 
downward into the cytoplasm. This area extends rapidly 
and the radiations pass around the nucleus and up toward the 
animal pole of the ee:g as well as centrally. Finally they ex- 
tend even through the nuclear membrane and the nuclear 
meshwork takes on the same radiational arrangement which 
thus involves practically the entire animal pole. The nuclear 
membrane dissolves as the radiations become complete and 
the nucleoli are aggregated or dissolved, and just at this time 
the egg follicle is ruptured in some way, and the egg escapes 
freely into the body cavity surrounded only by its chorionic 
and vitelline membranes (Fig. 23, C). 

Certain areas of the peritoneum are covered with cilia 
which beat in the direction of the oviducal ostia. These too 
are abundantly ciliated, and as a result of the ciliary action 
in both regions the eggs are soon carried to and into the upper 
ends of the oviducts. But by this time the first polar spindle 
is already formed. 

As the egg leaves the ovary the small group of chromatin 
nucleoli becomes surrounded by a small spherical mass of 
fibrillar plasma; the nucleoli become more or less fused and 
vacuolated, and then give rise to the group of twelve small 
rod-like cliromosomes which soon become rings or crosses (Fig. 
26, F), The fibrillar plasma draws out into the elongated 
achromatic spindle, at first placed tangentially (Fig. 26, G), but 
soon rotating and coming to the surface of the cell in the radial 
position (Fig. 26, //). The spindle is (juite blunt and no asters, 
centrosi)heres, or centrosomes have been seen. The chro- 
mosomes diverge as the egg is entering the oviduct, in the 
upper part of which the very small first polar body is cut off 
(Fig. 20, /). 

The second polar spindle forms immediately, and by the 
time the egg reaches the lower end of the oviduct the second 
polar division has progressed as far as the mesophase or meta- 
phase. Li this condition the division is suspended, and pro- 
ceeds considerably later and as a rule only after entrance of 
the spermatozoon. 
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Entrance of the eggs into the upper part of the oviduct 
stimulates the jelly-secreting glands of its walls, and as the eggs 
are carried along singly down the oviduct by the cilia of its 
own walls, each is smeared over the surface of the chorion with 
a thin coating of viscid albuminous material arranged in two 
or three layers. About two hours are occupied in the passage 
of an ovum down the duct. At the lower ends of the oviducts 
the eggs collect in the uteri, where they remain stored, usually 
for a day or two, pending the time of spawning. 

3. Spermatogenesis 

The formation and maturation of the spermatozoa is com- 
pleted within the testes. Each lobule of the testis is composed 
of a collection of tubules, in the walls of which the spermato- 
gonia develop, surrounded by nutritive follicles the elements 
of which become in part the basal cells or Sertoli cells. So 
far as is known the formation of the spermatocytes and sper- 
matids is fairly typical. The spermatid contains a large 
nucleus and two peripheral centrioles. During the metamor- 
phosis of the spermatid into the spermatozoon, the inner 
centriole is taken into the nucleus while opposite the other the 
flagellum grows out. The sphere of idioplasm remains on one 
side of the anterior tip of the head, when this forms from the 
nucleus, and a part of the cytoplasm flows down around the 
base of the flagellum forming the middle piece; the remainder 
of the cytoplasm appears to be thrown off. 

In some species of Rana the sperm form continuously, in 
others only seasonally, apparently just before hibernation 
begins. As the breeding season approaches they arc produced 
more abundantly and collect in the dilated lower ends of the 
vasa deferentia or seminal vesicles, ready for extrusion. 

C. Spawning 

In the more common species of Ranay spawning occurs 
during the first warm days of early spring; some forms spawn 
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later in the spring, and in a few {e.g., R. cate^iana), breeding 
occurs during early summer. In the first mentioned, spawning 
follows immediately upon emergence from the period of hiber- 
nation, when the frogs collect in small ponds or streams, or 
about the margins of larger bodies of water. There is no true 
copulation, the male merely seizing the female firmly around 
the body dorsally, with the forelegs just behind those of the 
female. This embrace or amplexus usually begins some hours, 
even days, before the actual extrusion of the reproductive 
products begins, and quite likely this affords the normal, 
though not essential, stimulus to their discharge from the 
ovaries and testes respectively. This amplexus continues 
throughout the entire period of spawning of a single pair, 
which may occupy several days or even weeks; the duration 
depends upon the species and upon the temperature — colder 
weather prolonging the period greatly. 

Expulsion of the eggs usually occurs during the early morn- 
ing hours and is an intermittent process. Apparently all the 
eggs contained in the uteri are spawned at one time, and then 
an interval of rest follows during which the uteri are again 
slowly filled. As each mass of eggs is forced out of the cloaca 
the male, at the same instant, expels quantities of seminal 
fluid containing enormous numbers of spermatozoa which 
mingle with the egg masses, insuring the fertilization of practi- 
cally every egg. Fertilization is therefore strictly external. 

In the conmion frogs there are no nursing habits so frequent 
among other Anura (e.gr., AlyteSy Xototrernay Rhinoderma, etc.)' 
and the eggs are left to develop without further relation to the 
parent organisms, which, upon the conclusion of spawning, 
immediately leave the pools and scatter widely. The eggs 
surrounded by the jellies remain in large masses which sink 
to the bottow of the shallow water and there become loosely 
attached to sticks or debris. 

The total number of eggs laid by a single individual during 
one season varies widely in different sjxH'ies, and seems to vary 
conversely with the size of the eggs. The European grass- 
itrog {Rana temporaria) lays from one to two thousand large 
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^ggs (2-3 mm;), while the European water-frog (Rana escu- 
lenta) in which the eggs are small (1.5 mm.) lays from five to 
ten thousand during each season. 

III. EMBRYONIC PERIOD 

A. From Fertilization through Gastrulation 

1. Fertilization and the Development of the Symmetry of the Egg 

During the first hour or two after the entrance of the sperm 
several changes of great importance occur within the egg. 
Although these are going on together and overlap to a certain 
extent we shall have to describe them separately. 

Entrance of the SpermatozoSn. — Within a few moments after 

ensemination, a sperm cell bores its way through the thin jelly 

and the chorion, and enters the egg substance; in most cases 

the entire spermatozoon enters. Although there is no micro- 

pyle the sperm does not enter the egg at random, but normally 

only in the pigmented hemisphere, more frequently about forty 

degrees from the animal pole, and in any meridian (Brachet). 

The meridian passing through both poles of the egg and the 

point of entrance of the sperm is known as the fertilization 

meridian. 

Of course many sperm tend to enter the egg but the entrance 
of the first seems to alter the chemical structure of the egg in 
such a way that additional sperm are deterred from entering; 
frequently many such sperm may be seen in the egg jelly. 
Polyspermy, although not rare, is never normal in any of the 
frogs, and should more than one sperm succeed in entering, 
the development of the egg becomes abnormal. 

Once within the egg substance the sperm head and middle 
piece move rapidly inward, following approximately a radius 
of the egg. The path of the sperm is marked by a distinct 
trail of pigment, indicating unusual metabolic activity of the 
region, which remains visible for some time, occasionally even 
to the blastula stage. The first part of the sperm path is 
called the penetration path (Fig. 27, A, B). After the sperm 
has travelled along this path for a short distance it rotates, 
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in the usual way, putting the middle piece with its centrosome 
in advance of the head, which begins to dissolve and to form 
a typical vesicular and enlarged nucleus. Then the sperm 
changes its course, often abruptly and mo\ eg to« ard the region 
where the male and female nuclei will unite unless, mdecd, 
the penetration path may have led in that du-ection (Fig 27, 




Fio, 27. — Sections through the egg of R. fuica. Hhowiog penetration and copv- 
Ulinn paths, and llic symmetry of the first cleavage plane. After O. Schultie. 

A. Saicittal section throuRh the etrs before the appearance of the first eleavagf ; • 

B. Frontal section of the same stage as A, showing the Bymmetrical distribution 
of (he egg maleriaU. C. Frontal sertion through egg in two-eel I sta«e. showing 
the Bj-ninielry of the egn: the penetration path is not Bhowo. a, Anterior; 
ep. copulation path; /. left; p, posterior; pp, penetration path; r, right ; «, remains 
of first cleavage spindle; >p, BuperRciol pigment; 1, Urst cleavage furrow. 

A). This second part of the sperm path is known as the copa- 
kttion path anti like the jwnetration path, it is marked by ft 
trail of pigment left in the cytoplasm. 

Swelling of the Egg Membranes. — One result of the entrance 
of the sperm is the withdrawal of fluid from the egg substance. 
This fluid accumulates between the surface of the egg and the 
chorion forming the peririfelline space. This leaves the egg free 
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to rotate within its membranes, and in a few moments after 
fertilization all the eggs are found with the pigmented pole 
uppermost. In unfertilized eggs these membranes are more 
adherent and while rotation occurs, it is very slow. 

Probably some of the fluid in the perivitelline space is taken 
in from the outside, for the egg membranes, particularly the 
jelly, are extremely hydroscopic. The egg has been in the 
water only one minute when the thin jelly has visibly com- 
menced its absorption of water. When the eggs are extruded 




Flo. 28. — Egg of frog a short time after laying and fertilization, showing the 
•woUen egg membranes. From Ziegier (Lehrbuch, etc.), after O. Schultse. 
^, The so-called vitelline membrane; p, pigmented penetration path of the 
■PcnnatoEodn; r, polar bodies; 1, 2, 3, inner, middle and outer albumenous 
Dcmbranes or layers of ** jelly." 



the thickness of the jelly is only about one-sixth the diameter 
of the egg; after three minutes contact with the water this is 
increased to one-half the diameter; and after ten to fifteen 
Diiiiutes its thickness equals the diameter of the egg. The 
swelling then becomes slower and unless fertilization has 
occurred it may almost cease. Usually however the absorp- 
tion of water continues for several hours and the thickness of 
the jelly may equal twice the diameter of the egg proper. 

As the jelly thickens it is seen to be arranged in definite 
strata — ^a thin denser layer closely applied to the chorion, out- 
side this a thick layer somewhat more fluid, and on the sur- 
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face a thick layer, rather firmer than the middle layer. The 
two thick outer layers may. in some forms, be separated by a 
narrow dense layer which is distinctly fibrous in structure 
(Fig,2S>, 

The functions of the jelly are various. It serves to some 
extent to attach the egg masses, but cliiefly to protect the 
eggs from j>ressiu^ or mei»hanical injurj-, from being eaten by 
other org:\nisms. from infei*tion of various kinds. It seems 
likely, too, that the jelly assists in the elevation of the temper- 
ature of the egg, for as a transpiirent sphere it condenses the 
heat nivs of sunlight which it allows to enter freelv and at 
the same time checks their radiation from the egg. The black 
pigment of the up|HT |x>le seems to function toward the same 
end by al^sorbing readily the heat rays, so that altogether the 
temjvnuure of the egg may be considerably higher than that 
of the sumninding water. WTiile the eggs, and the spermatozoa 
alsi\ are very resistant to cold, they are at the same time very 
Si^isitive to warmth, so that tliis slight elevation of temperature 
has the etfect of hastening development — an effect that may 
Ix^ v^juite imjx>rtant since the temjx^nitiire of the water is often 
OjUite !ow at the time the eggs an> laid, and the ponds in which 
the :rv^L::s s:>awu are v^uite likely to ^ty up during the summer, 
s»-^ that ecioh day gaiuevi ::: development toward metamorphosis 
niiv nit^i:: niuoh as r\h:::irvis srj^ival. 

Maturatkm. — A::o::u^ offov't o: the entrance of the sperm is 
:h> .••;:i:y'r:: :: c: :ho mature: ion rrvvT?ss in the egg nucleus. 
A> :hr syeni: ► :.:er>. :*:::> i> ir. :::e m^^ts.^ phase or metaphase of 
:>.:■ >*:r :. : :>'.:'- .i:v:<:;:: F:^. 2^. / . This division is then 
r,\::i'v ::z:: '.:•».: j,:..i :hv <<\;::i iv'at bocv cut off: this 
-- .^- :• -r> .^* • .:: :".::r:v miiiMtos a::er ecrranoe of the 
y-.^.rzL. T:.- :?*:- :. i v« '...r * vviv i> ;: :ht^ <ci:iie sLie as the first, 
r -z—L.-r. TjLr Tv-T -v: -v-i> .hri: rv: rnis in the- *jsual man- 

i:.-.v ':v ::*,:ni noatinz in the 



. —. . > • 



? - -irr "izie *i- :c.: ~ : -:^ :> >..^ rzf rm-v. :he >r^?mL nucleus 
Li;? ils: :»f-:-:zi*r .L ::. :' rn. .*.:,.: :he :w^,"^ n,:cLei mov& 
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toward the center of the egg, approach and meet in the usual 
manner. The path of the egg nucleus is not marked by any 
pigment, nor is it accompanied by any radiations such as were 
connected \^ith it during its maturation. The sperm centro- 
some and centrosphere divide and form the poles of a small 
but typical cleavage figure which is not located near the center 
of the egg, but always toward the animal pole. The position 
of the first cleavage spindle is not entirely undirected, but 
before we can discuss this point we must consider some facts 
regarding the structure of the egg itself after fertilization. 

2. The Symmetry of the Egg 

Before fertilization the egg has a well-marked polarity and is 
radially symmetrical about its chief axis (Fig. 29, A). This 
form of radial symmetry (not spherical) has been termed 
** rotatory," i.e., radially symmetrical in any plane at right 
angles to the chief axis. The vegetal pole contains a large 
proportion of yolk, while the animal pole is relatively free 
from yolk and is covered externally by a thin but dense coating 
of brown or black pigment; moreover, the nuclear structures 
are in the animal pole (Fig. 23, C). The specific gravity of 
the lower pole is the greater, on account of the heavy yolk con- 
tained in it, and therefore the pigmented animal pole is turned 
upward when the egg is free to rotate. This rotation, however, 
is not usually completed for some minutes after the spermato- 
zoon has entered and the egg membranes are somewhat freed 
from its surface. 

But this radial or rotatory symmetry is not retained after the 
entrance of the sperm, for this affords the stimulus which leads 
to a rearrangement of the substance of the egg, accompanied 
or followed by the rapid development of a bilateral symmetry 
in the egg, with which that of the embryo tends strongly to 
coincide. The factors determining the position of this new 
plane of bilateral symmetry are really three-fold, one primary 
and two secondary. The primary factor is the polar and 
rotatory symmetry of the unimpregnated egg; the plane of 
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bilateral symmetry always passes through the chief egg axis. 
The secondary factors then determine through what meridian 
the plane will pass. One of the secondary factors is internal 
and one external; the former is the point of entrance of the 
spermatozoon together with the direction of its penetration 
pathy the latter Is the direction of the action of gravity with 
respect to the egg axis. These secondary factors alone cannot 
direct the position of this plane, but each acts only in connec- 
tion with the primary factor which is, in reality, the essential 
structure or organization of the egg as expressed by its polarity 
and rotatory symmetry. 

We should recall that the sperm enters the upper pole in any 
meridian (fertilization meridian) and that its penetration path 
is first approximately radfal, while the latter part of its path, 
copulation path — along which it passes after the sperm head 
has dissolved and become vesicular, may be at an angle w4th 
the penetration path. 

Immediately upon the entrance of the spermatozoon the 
substance of the egg becomes more labile, and a sharper dif- 
ferentiation and more pronounced segregation of the various 
egg substances result. It is supposed that the influence of the 
sperm is first exerted in the cytoplasm in its own immediate 
neighborhood, and that the eflfects of its presence then spread 
gradually to the more remote parts of the egg; and further, 
that the influence of the sperm extends in a symmetrical wave 
like those from a \nbrating body. The result of this would 
be that the rearrangement of the substances of the egg would 
be symmetrical with reference to the point of origin of the 
disturbance, namely, the s{)erm entrance point. Therefore the 
plane of symmetry of the egg would be that plane containing 
the three points: animal pole, vegetal pole, sperm entrance 
point (Fig. 27, B). This would be at the same time the plane 
containing the i)enetration path, and it would be marked 
superficially as the fertilization meridian. 

Whether or not this is a true description of the effects of the 
sperm, the facts are that following impregnation there is a 
streaming of the protoplasm upward and of the deutoplasm 



THE EARLY DEVELOPMENT OF THE FROG 



85 



downward so that the animal pole is largely freed from yolk, the 
vegetal pole composed more largely of it, and the polar dif- 
ferentiation thus more marked than heretofore. The pigment 
granules, whose specific gravity is really intermediate between 
that of the yolk and of the protoplasm, show little disturbance 
and redistribution except in one certam region For some 
reason which is not clear, the pigment granules located in a defi- 
nite area at the lower margin of the pigmented pole on the side 




Fio. 29.— FroR'a em before and after fertilizntion, showing the formation of 
llie »r«y crescenl. A bnfertilizBd crk f run. side. fi. Untertiliied eRB, from 
TcKliI pole. C. Fertihied egR before first cleavage, from side. D. Same from 
'Wtsl pole. c. Gray crescent p pigmented anininl polo; u, uniiigmcnted 
"Wiipole. 

Opposite that where the sperm has entered, and therefore in 
the region presumabl> the last to be affected by the sperm, are 
earned away from their original position leaving this region 
lighter in color This area is crescentic in outline, the crescent 
extending one-half to two-thirds around the egg; it is known 
»3 the gray crescent (Fig, 29). 

The rearrangement of substance which involves the forma- 
tion of the gray crescent, is such that the center of the specif- 
ically lighter substance of the egg is not located precisely in the 
*g6 axis, toward the animal polo, but is displaced toward that 
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side on which the gray crescent appears, t.e., on the side of the 
animal hemisphere farthest from the fertilization point. Nor- 
mally this arrangement is sufficiently marked before the rota- 
tion of the egg is completed, so that when the egg comes to a 
position of rest the animal pole is not turned exactly upward. 
In most species of frogs the egg axis is inclined out of the 
vertical about thirty degrees; and of course at the same time 
the margin of the pigmented area is similarly tilted out of the 
horizontal and the gray crescent lies on that side which is the 
higher (Fig. 29). In the egg at rest, therefore, we may describe 
a definite plane which is vertical and includes both the gravi- 
tational and the polar axes; from the mode of determination 
of the position of the gra\atational axis this plane also includes 
the fertilization point and meridian, and the penetration path. 

AMiile the egg is in this position the streaming and rearrange- 
ment of its materials is completed, and since the specific gravity 
of the different materials is concerned in the rearrangement, 
it takes place finally with reference to the direction of gravity 
in the egg at rest. The final steps in the determination of 
the structure of the unsegmented egg, therefore, take place 
\\'ith reference to this gra\'itational plane, which thus becomes 
the plane of bilateral symmetry of the egg structure. The 
symmetry of the egg is expressed externally at this time only 
by the gray crescent which is equally di\'ided by the plane of 
symmetry, but this is merely an indication of the really impor- 
tant sMnmetrv — that of the arrangement of the materials 
within the egg. which is no longer rotatory about the egg axis, 
but bilateral with reference to the gravitational plane. 

The final development of the internal structure or organiza- 
tion of the egg is completed (in Ranafusca) only shortly before 
the first cleavage, or about an hoiu* and a half after the 
entrance of the sperm (Brachet). Before the end of the 
first hour, the structiu'e of the egg is gradually becoming 
fixed and disturbances or artificial lesions are compensated, or 
regulated, so that the final structure is not affect^ and later 
development is not abnormal. But after this, by the time the 
^Igand sperm nuclei have fused, the egg structure becomes fixed 
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and the egg is incapable of perfect regulation under abnormal 
conditions imposed upon it, so that artificial lesions or other 
disturbances result in abnormalities of its structure which lead 
to abnormalities in cleavage or embryonic development. 

To sunmiarize, the bilateral symmetry of the egg is deter- 
mined primarily by the polarity of the egg which has gradually 
developed during its formation and matm*ation. How exten- 
sive this essential bipolar structure is, we do not know, but it 
IS expressed visibly, and probably only in part, by the polar 
arrangement of at least three different substances having dif- 
ferent specific densities — protoplasm, pigment, deutoplasm. 
Probably the arrangement of these is itself determined by 
some fundamental structure of the egg, but this we cannot 
observe directly. The bilateral symmetry is here only poten- 
tial. It becomes actual only after ensemination when these 
substances are rearranged, first imder the influence of the en- 
tering spermatozoon, which brings about the non-correspond- 
ence of the egg axis and gravitational axis, and then through 
the influence of gravity according to the plane fixed by these 
two crossing axes. In other words the bilateral symmetry is 
first determined by the egg structure as expressed through its 
polar differentiation and then through that as the result of the 
action of the entering spermatozoon and gravity, which latter 
is able to act finally only after the entrance of the sperm. 

The penetration path of the sperm is usually in the direction 
of a radius of the egg from the entrance point, so that this 
portion of the sperm path tends to lie in the plane of symmetry 
to the same extent as, or even to a greater extent than the 
entrance point itself, and it may be that we should express 
the relation more truthfully by saying that the plane of sym- 
metry tends to be directed first by the location of the pene- 
tration path rather than the fertilization point, since the influ- 
ence of the sperm is exerted as it passes all the way along this 
portion of its com*se. 

By placing the eggs imder artificial conditions it has been 
found that the action of both these secondary factors is not 
essential, for normal development proceeds even when the di- 
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recti ve eflfect of gravity is removed; it is not known, however, 
what the relation of the plane of symmetry to the fertilization 
point is under such conditions. And further, by placing the eggs 
in positions of constraint such that the sperm entrance point 
cannot lie in the median gravitational plane, it is found that 
the plane of symmetry is then that of the median gravitational 
plane. The secondary factors may thus be independent in 
their action, but in nature they usually tend to produce the 
same eflfect. However, in nature, and this also indicates their 
fundamental independence, there is some de\iation between the 
plane of symmetry and either the fertilization meridian or the 
gravitational plane. The eggs in the interior of the mass are 
subject to some constraint due to pressure, and unknown 
factors may cause some variability in the eflfects of the factors 
named in the determination of symmetry. It is possible that 
the direction of the incident light O^^at) rays plays some small 
part in the determination of the position of this plane. So 
that while the normal relation is that of coincidence of all 
these, all other relations are possible (the plane symmetry of 
course is always polar) and do occur with some frequency, and 
all that can be said is, that on the whole the median plane of 
the egg tends to coincide with the gravitational plane and with 
the fertilization meridian. 

One of the reasons why the position of the plane of symmetry 
of the egg is of the greatest importance is that the plane of 
bilateral symmetry of the embryo and adult is directly related 
to it. Any factor which aids in the determination of the egg 
symmetry is at the same time influencing the symmetry of the 
developing embryo. By observing, in a large number of speci- 
mens, the relation l)etween the symmetry of the egg and of the 
embryo it is found that the tendency for the two to correspond 
is very marked. And yet variations of any extent may and 
do occur, showing that other factors may influence and devel- 
opment of the embryo (Jcnkinson). The symmetry of the 
embryo and adult can be traced directly back into the gastrula 
or blastula, and it seems, therefore, that whatever causes the 
non-correspondence between tliese symmetries must operate 
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during cleavage and not later, although there seems to be no 
definite causal relation between the direction of the first cleav- 
age plane itself and the symmetry of the embryo, although 
there may be certain constancies in this relation. 

We may finally mention briefly the relation between the 
symmetry of the egg (and therefore in general of the embryo) 
and the symmetry of cleavage, particularly the plane of the 
first cleavage furrow. The position of the cleavage plane is of 
course the direct result of the position of the cleavage spindle; 
it is therefore the position of this latter which is essential. The 
spindle always lies at right angles to the egg axis, in agreement 
with the law of Hertwig. In such a plane the position of the 
spindle is readily influenced by at least one external factor, 
namely pressure, in such a way that it tends to lie at right 
angles to the direction of the pressure, and the resulting cleav- 
age would therefore occur in the direction of the pressure. In 
a large mass of eggs this factor is probably one of considerable 
importance, especially in affecting the direction of the first 
cleavage in those eggs in the interior of the mass. The relation 
between the direction of pressure and the symmetry of the egg 
is purely accidental and consequently we find much variation 
in the relation of these two planes. 

When the egg is not subject to pressure there is a fairly 
marked tendency for the spindle to lie either transversely to 
the plane of symmetry or in that plane (Fig. 27, C). The 
8)Tnmetrical structure of the egg is fairly well established by 
the time the spindle forms, and there are only these two 
positions which the spindle can occupy and yet retain sym- 
metrical relations to the internal structure of the egg. The 
former relation, in which the plane of the resulting cleavage 
would coincide with the plane of egg symmetry, is the more 
frequent and in approximately 25 per cent, of eggs the first 
furrow deviates less than five degrees, plus or minus, from this 
plane. The second relation, placing the first furrow at right 
angles to the median plane (within five degrees, plus or minus) 
IS found in something like 10 per cent, of eggs (Jenkinson). 
But the position of the spindle seems to be influenced quite 
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considerably by the direction of the copulation path of the 
sperm nucleus, i.e., the direction of the plane passing through 
the contact surface of the copulating egg and sperm nuclei, 
and since this is subject to much variation with respect to the 
median plane, and also since the postion of the spindle is easily 
modified by external factors, we find that the relation between 
the first cleavage and the median plane of the egg is not at 
all regular, and deviations from the two relations mentioned 
are very frequent and all relations occur. There is no direct 
relation between the plane of the first furrow and the fertili- 
zation meridian; whatever relation there is results from their 
common relation to the plane of egg symmetry. 

We may smnmarize briefly the relations of the plane of sym- 
metry of the egg, the plane of sjinmetry of the embryo, and 
the plane of the first cleavage furrow, in normally developing 
eggs. 

The position of the plane of bilateral symmetry of the egg is 
determined primarily by the polarity and rotatory symmetry 
of the unfertilized egg, in conjunction with the point of entrance 
of the sperm or the direction of the penetration path, and the 
direction of the action of gra\'ity, in such a way that the 
median plane tends to lie in the gra\itation plane, which also 
tends to coincide with the fertilization meridian. This determi- 
nation, however, is not complete and variations may and do 
occur. 

The median plane of the bilaterally sjinmetrical embryo 
tends to a marked degree to coincide with the plane of symmetry 
of the fertilized egg, but all other relations in the same axis 
are possible and actually occur. 

The plane of the first cleavage furrow tends to lie either in 
or at right angles to the plane of s\Tnmetry of the egg, primarily 
on account of the tendency of the first cleavage spindle to 
assume some sjinmetrical position with reference to the egg 
structure. 

There is, therefore, a tendency for the gravitational plane, the^ 
point of entrance of the spermatozoon, the penetration path of 
the spermatozoon, the median plane of the egg, the mediaiB. 
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plane of the embryo, and the plane of the first cleavage furrow, 
all to coincide, but all relations in the same axial plane are 
possible among these and are actually foimd. 

3. Cleavage 

Cleavage of the frog's egg is total and imequal. The first 
cleavage spindle lies in the direction of the greatest protoplasmic 
extent, i.e., transversely to the egg axis, and in a position 
determined by several different factors as described above (Fig. 
27, C). The first cleavage furrow becomes visible on the surface 
first at the animal pole, and gradually extends thence as a 
narrow groove aroimd a meridian of the egg to the vegetal pole ; 
it is completed about two and one-half hours after ensemination, 
or much sooner if the temperature is raised slightly. While this 
furrow is meridional, we have seen that it may or may not 
divide the gray crescent symmetrically. Throughout cleav- 
age the blastomeres remain in close contact so that they are 
separated superficially by only shallow narrow grooves (Fig. 30), 
and do not become distinctly roimded and separate elements 
as in Amphioxus or in other eggs containing less yolk. 

The second cleavage appears about one hour after the first; 
this is also meridional, at right angles to the first, dividing 
the egg into four adequal blastomeres. Succeeding divisions 
appear about an hour apart. The third cleavage is the first 
to divide the egg imequally; in the typical form of cleavage 
this appears similarly in all four quadrants, and is latitudinal 
or horizontal, i.e., at right angles to the first two (Fig. 30, A). 
Although this cleavage plane divides the protoplasmic material 
of the egg about equally, the accumulation of yolk in the lower 
pole actually displaces this middle plane above the equator of 
the egg, so that the cleavage furrow appears about sixty 
degrees from the animal pole, and the egg as a whole is divided 
unequally. Of the eight resulting cells, the four upper are 
small and richer in protoplasm, while the four lower are large 
ind richer in yolk. This typical relation of the third cleavage 
is by no means invariable. A considerable proportion, in 
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some lots nearly one-half, of the e^s show some departure 
from this arrangement, and the third cleavage may be horizon- 
tal in only one, two, or three blastomeres, and vertical in the 
remainder or, rarely, vertical in ail four. These and also the 
later vertical planes frequently do not pass actually to the upper 
pole of the egg, and are therefore not strictly meridional, 




Fio. 30. — C'leavage of the frog's e^. Alter Morgan. Animal pole upward 
ia all figures. {For earlier atnges see Fig. 27.) A. Kght cells, B. Twelve cell* 
becoming aiiteen. C. Thirty-two ceiU. D. Forty-eight celEs, more regular than 
usual. E. F. Posterior anil anterior views of al>out 128 cell Btage. G. Late 
cleavage or early blastula. H. Commencement of gastrulation (cell outlinM 
indicalcd only in the region below the invagiDBtiDK groove), i, Begintiiag of 



althouph there is a decided tendency for them to lie in me- 
ridians. The location of the succeeding cleavages varies with 
tliat of the tliird. Typically the fourth cleavages (Fig. 30, B) 
arc meriilional forming eight small upper, and eight large lowK" 
cells, and the fifth again latitudinal, forming thirty-two cells 
arranged in four horizontal rows nf eight cells each (Fig. 30, C) - 
But I he atypical appearance of some of the third cleavages may 
very early disturb this schema. With the appearance of tbe 
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fifth cleavage the early, and brief, synchronism of the cleavages 
has become lost, the small upper cells dividmg more rapidly 
than the large lower cells. Comparatively few eggs remain 
regular up to this stage, for eggs which were regular at eight 
cells usually become irregular at sixteen or thirty-two cells, and 
after that all regularity is lost (Fig. 30). 

Turning back now to notice some of the internal arrangements 
of the cells during cleavage, we find that when four cells are 
cut into eight these all roimd off somewhat internally, as in 
Amphioxus, forming a small space among them, which is the 
beginning of the segmentation cavity or hlastocody and which 
from the position of the third cleavage has from the first an 
eccentric position toward the animal pole. During subse- 
quent cleavages the blastoccel enlarges but always retains this 
eccentric location (Fig. 31, A), 

After about thirty-two cells are formed not all of the sub- 
sequent cleavages are visible on the surface, for these early 
divisions, all passing through the axis of the egg, have formed 
cells elongated in a radial direction, and in some of these the 
cleavage spindles tend to take up a similar position and the 
resulting division occurs parallel with the siuiace of the mass, 
fonning a central cell bordering the segmentation cavity and 
a superficial cell visible externally (Fig. 31, B). There is no 
period at which such a delaminating cleavage occurs through- 
out the cell group, but scattered cells show this arrangement, 
first among the cells of the upper hemisphere and then later 
in the lower cells, which are divided quite imequally in this 
way. Many of these interior cells are formed by cleavages 
that are not exactly tangential but considerably oblique to the 
surface. By the time there are sixty-fom* or one hundred and 
twenty-eight cells, approximately one-fourth of the cells are 
interior, and line the blastoccel, so that at this stage the wall 
of the blastoccel is two or more cells thick. 

4. The Blastula 

We may assume that the arrangement of the cells forming the 
^all of the blastoccel as a more or less definite epithelium, 
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marks the end of the cleavage period and the formation of the 
blastuJa. This arrangement is really definitely established 
by the time thirty-two to sixty-four cells are formed, i.e., be- 
fore many interior cells are present. The immediately aub- 




Fio. 31. — Sections through the blaatula oT the frog. A, B, from Morgaii 
(Development of the Frog's Ekk). ('. After O. Schultie. A, Early blastulm 
HhowiiiK wall of seKinpntation envHy only o[ie cell in thickness. B. Later atage 
ahiiwing multipliralion of rella in wall oT aegnientution cavity. C. Late blaatula 
showing the thinning of the roof of the segnientatiun cavity and the begioDiiig 
o{ the Rcrm rinfc. a. Animal pole: gr, germ ring; p. pigment; i, segmentation 
cavity or lilastocoel; 8(1. Same aa «; v., vegetal pole. 

sequent cleavages do not modify tlieir essential relations; the 
interior cells multiply rapidlj' and some cells migrate inward 
from the surface. Tlie early blastula is splicrical an<l about 
the diameter of the egg (Fig. 31, B. C). The thinner roof and 
lateral walls of the eccentric segmentation cavity, are formed 
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of cells derived from the animal region of the egg; these vary 
considerably in size and form, are irregularly and loosely ar- 
ranged, and are roughly disposed in two sheets, one lining the 
blastocoel and one covering the surface. The thicker floor 
of the blastocoel is formed of the larger and less niunerous 
vegetative cells. As the number of cells continues to increase 
several processes go on together. The small cells of the animal 
region divide the more rapidly and as they multiply they move 
gradually from the pole toward the equator, causing a thinning 
of the roof and a thickening of the walls of the blastocfoel. 
This thickening toward the equator of the blastula is aug- 
mented by the rapid multiplication of cells there so that sec- 
tions soon show a thicker ring, not very definitely delimited, 
of actively dividing cells forming what we may call the germ 
ring or growth zone, such as that described in the blastula and 
gastrula of Amphioxus (Fig. 31, C). This thinning of the 
animal pole increases the eccentricity of the blastocoel, which 
has meanwhile increased considerably in size. The later 
blastula increases somewhat in diameter, and accompanying 
this is the absorption or infiltration of water into the blastocoel, 
a part of the fluid content of which is, however, the secretion 
of its walls. 

The germ ring is obviously formed of material from the 
anunal pole of the egg, and apparently the substance con- 
tained in it can be distinguished at least as early as the eight 
cell stage, where it forms the upper quartet (micromeres) and 
the upper parts only of the lower quartet (macromeres) (Fig. 
34). As the germ ring approaches the equator, one side (that 
of the gray crescent) commences to extend downward faster 
than the remainder; subsequent development proves this to 
he the posterior side. Soon the entire germ ring passes the 
equator, and by the time the blastula period is ended, it 
reaches, on the posterior side, a point about half way between 
the equator and the lower pole. These later phases in the 
downward movement of the animal cells can be observed 
externally, for these cells are easily distinguishable from the 
tnie lower pole cells on account of their dense pigmentation. 
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Since the blastula retains its spherical form it is evident 
that the downward extension of the germ ring must displace 
the yolk cells in some direction, and as a matter of fact this 
displacement is evidenced by the elevation of the floor of the 
blastocoel. As the animal cells push downward the internal 
yolk cells rise till the floor of the blastocoel becomes first flat, 
and then convexly arched; at the same time the cavity widens 
somewhat so that in section it appears broadly crescentic 
(Fig. 32, A,B), 

The first evidences of gastrulation now appear so that this 
stage must be taken to mark the completion of the blastula. 
We may state the characteristics of the fully developed blastula 
as follows. The completed blastula is spherical, in volume 
about one-fifth larger than the ovum, and bilaterally symmet- 
rical; this bilaterality is accompanied by antero-posterior 
differentiation, and is indicated by the greater thickness of 
the anterior wall of the segmentation cavity, and by the more 
ventral extension of the pigmented cells on the posterior side, 
i.e., the side marked by the gray crescent in the egg. The 
small cells of the upper pole form the thin roof and thicker 
sides of the eccentric blastocoel; they are in two quite distinct 
sheets — an outer layer of compactly arranged cells forming a 
distinct epithelium known as the superficial or epidermal layer, 
and, lining the blastocoel, a deeper or "nervous" layer of 
irregularly and loosely arranged cells, gradually increasing in 
thickness from the pole toward the base of the blastocoelic wall, 
about at the level of the equator of the blastula. Just at and 
below the equator actively dividing cells have accumulated 
from the whole upper pole region. Since the fate of these 
cells is to form the chief axial parts of the embryo this region 
is called the germ ring, although it lacks the distinctness of the 
germ ring as it is finally found in some other forms (e.g., 
Teleosts). This region seems comparable with a crescentic 
group of actively dividing cells having a corresponding position 
and function in the blastula of Amphioxus (Fig. 6). The floor 
of the blastoca^l is formed of the larger vegetative cells which 
form practically the lower half of the blastula; these are com- 
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pacted and show no definite arrangement, except that toward 
the lower pole they gradually mcrease m size. Although some 
yolk is contained in all the cells, the larger lower pole cells 
are particularly rich in deutoplasm and are known as the yolk 
cells. Immediately below the germ ring the cells are inter- 
mediate in character and form what is known as the transitional 
zone. The position of the polar axis in the blastula, with 
respect to gravity, remains the same as in the egg or the cleav- 
age period. 

The pigment, while chiefly superficial and in the cells de- 
rived from the animal pole, externally extends further toward 
the lower pole than in the egg; it is also found to a limited 
extent among the animal cells below the surface, and even in 
the smaller vegetal cells lining the blastocoel, which resemble 
dosely the proper cells of the animal pole. This internal 
pigment is not derived from that more superficially located 
m the earlier stages, but it is deposited in situ as a by- or end- 
[ffoduct of metabolism. Pigment granules are laid down 
wherever developmental processes, including cell division, are 
in rapid progress. And since the smaller cells represent re- 
gions where cell multiplication has been more active, such 
ceUs contain relatively more pigment. This relation between 
metabolic activity and the accumulation of pigment may 
explain the pigmentation of the animal pole of the egg itself, 
although it is customary to refer this to the adaptational 
relation mentioned previously, a relation which need not be 
negatived by this method of its formation. The dense pig- 
mentation of the path of the sperm is also referable to an un- 
usual degree of metabolic activity. 

The blastula of the frog differs from that of Amphioxus 
chiefly in that the blastocoel of the former is so decidedly eccen- 
tric, relatively smaller, and its wall several cells thick, the 
cells differing greatly in size, and already differentiated into 
superficial and deeper layers, at least in the animal region. 
The germ ring (growth zone in Amphioxus) extends completely 
around the blastula of the frog. These differences for the most 
part seem to be the direct results of the abimdance of yolk in 
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the frog egg, and its accumulation chiefly in one region. The 
eflfect of the yolk in modifying the course of development bo- 
comes more marked in the immediately succeeding phases of 
development, namely gastrulation and notogenesis; these 
processes are not at all as simple and diagrammatic as in 
Amphioxus. 

5. Gastrulation and Notogenesis 

The processes of gastrulation proper and of notogenesis 
overlap to a more considerable extent in the frog, than in 
Amphioxus, and are conveniently described together. Gas- 
trulation results directly from a continuation of the downward 
extension of the germ ring, together with the consequent 
elevation of the yolk cells, which were such important features 
in the development of the late blastula. 

The first external indication of gastrulation is the appearance 
of a slight irregular groove, approximately horizontal, lying 
across the sagittal plane on the posterior side of the egg, just 
at the lower margin of the germ ring, i.e., just below the 
equator (Figs. 32, 35, A). Thus located, the groove lies just 
between the animal cells and the yolk cells, and therefore 
comes to be lined by both kinds of cells on its opposite faces. 
From subsequent development we know that the formation 
of this groove is the beginning of invagination, the groove 
itself the beginning of the archenteron, its upper margin the 
rim of the blastopore, and the cells lining it above and below, 



of the whole gastrula, as well as the phenomena of gastrulation proper. A. Com- 
menoement of gastrulation; earliest appearance of the dorsal lip of the blasto- 
pore. Internally the gastrular cleavage is indicated. B. Invagination more 
pronounced; beginning of epiboly. C Invagination, epiboly and involution in 
progr ooB . The gastrular cleavage is now indicated on the side opposite the 
blastopore. Rotation of the gastrula. D. Just before the ventral lip of the 
bUstopore reaches the median line. The indentation of the wall of the segmen- 
tation cavity is an artifact. E. Blastopore circular and filled with yolk plug. 
Gastrula beginning to rotate back to its original position. Peristomial mesoderm 
^erentiating. F. Segmentation cavity nearly obliterated. Neural plate estab- 
lished. G. Gastrulation completed, a, Archenteron; b, blastopore; c, rudiment of 
notochord;fc, ectoderm ;^n, endoderm ; (^c, gastrular cleavage; ge, gut endoderm; 
*if peristomial mesoderm; np, neural plate; ril, transverse neural ridge; 
<« segmentation cavity or blastococl. 
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ectoderm and endoderm respectively. Hemiseetion of this 
very early gastrula (Fig. 32, A), shows that the elevation of 
the floor of the blastocoel is very rapid at this time, and one 
of the first results of the arching up of the yolk cells (endoderm) 
is the formation of a narrow groove all around the margin of 
the blastocoel, between the base of its wall and its rising floor. 
As the yolk continues to rise, this groove soon becomes quite 
marked and compressed into a narrow slit which, though 
originating in the manner just described, seems tobe continued 
ventrally all around the central cells as a definite splitting or 
delamination (Fig. 33, A). In effect this narrow space sepa- 
rates definitely the ectoderm and endoderm in the region 
within (above) the restricted invaginating region, wliich of 
course also gives rise to an ectodermal and an endodermal 
layer. This original groove is called the gastrular groove, 
and the delamination which extends it is the gastrular cleavage; 
the formation of these is not limited to the region of the dorsal 
lip of the blastopore, but extends entirely around the gastrula, 
even to the side opposite that of invagination. It remains a 
question whether the invagination process is the result of an 
active inturning of the cells forming the lower margin of the 
germ ring, or whether these cells are rather pulled inward by 
the elevation of the yolk cells, which results from the com- 
pression produced by the thickening and downgrowing germ 
ring; perhaps both factors are involved. However this may be, 
the invagination once begun continues rapidly, so that an 
elongating tongue of intumed cells continually pushes up 
under the sui)erficial ectoderm which lies just above the 
hivaginating region. This tongue is the invaginated endoderm 
derived from some of the cells of the animal pole and their 
descendants; at its inner limit it becomes directly continuous 
with the endoderm formed directly from the yolk cells, or 
cells of the transitional zone which have become entitled to 
the name endoderm, while still practically in situ, by the 
appearance of the gastrular groove and cleavage. 

Turning for a moment to the consideration of the external 
modifications during gastrulation we see that the germ ring, 
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once having passed the equator begms to narrow as a whole 
(i.e., diametrically), and this is chiefly accomplished by the 
drawing in of its lateral regions toward the mid-line posteriorly. 
This, together with the very active multiplication of its con- 
stituent cells, causes this portion to push down more rapidly 
than the remainder, carrying along the layer of invaginating 
endoderm, and increasing considerably the vertical extent of 
the archenteron. Surface views show that at the same time 
the archenteric groove extends laterally, becoming first cres- 
centic, then semicircular and finally circular (Fig. 35), That 
is to say, the first invagination of the pigmented cells forms the 
dorsal lip of the blastopore; then the invagination gradually 
extends laterally in each direction forming the lateral lips of 
the blastopore; and finally the process of invagination is carried 
around to the side of the gastrula, almost diametrically oppo- 
site to that where it began, and forms there the ventral lip of 
the blastopore, and the circular blastoporal margin is thus 
completed. During the completion of the blastoporal rim the 
germ ring has continued to extend downward over the yolk on 
all sides, so that by the time the rim is completed by the forma- 
tion of the ventral lip, this is found at a level quite below that 
at which invagination began on the dorsal side (Fig. 35). The 
invagination involves the inturning of the cells transitional 
between the animal and vegetal poles, so that the cells of the 
pigmented and white areas are brought into sharp contrast. 
The circle of white yolk cells left within the blastoporal rim is 
called the yolk plug (Figs. 22, B; 32, E, F; 33, C). As the rim 
<lraws together, i.e., as the blastopore closes, the yolk plug 
appears gradually to diminish in size, while it really draws 
within, or some would say that it is pushed within, by the over- 
grooving lips of the blastopore, until finally it is no longer visible 
upon the surface (Fig. 38, B). The blastoporal opening then 
^mains as a narrow elongated slit leading directly into the 
archenteron. 

The precise way in which the germ ring narrows, or as we 
naight say, in which the blastopore closes, is a matter of some 

• 

^portance. It has already been stated that the dorsal lip 







Fia 33— ProDtnl inJ Trnna\era« sectioOH IhroUKh Kostrulas of tha frof 
(R lemporana) of ( arious ngea After BroihPt A Frunlal section ihroufk 
Bostrula of same age aa Fir 32, f B Frontal seclioQ throuwh gastruU o* 
same age as Pig 32 D C Frontal section throuRb Rustrula BliRhtl> older llM 
Fig. 32, F. D. Frontal section through gastrula of same age as Fig. 32. G. 
E. TranaTerse section through gastrula slightly older than Fig. 32. D. F. Tti» 
verso Bpotion through gaatrula slightly older than Fig. 32. G. a. Archentarai: 
b, blastopore; e. nolj^chord; gt, RUt endoderm; m. periatoniial mesoderm; *ft 
neuraJ plate; a, segmentatiou cavity or blaatoccel. 
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3 downward more rapidly than the remainder, due in part 
e inflowing of the lateral portions toward the mid-line. 
process is termed concrescence, or confluence, as in Amphi- 
In this way the materials found in the lateral, as well 
sterior, regions of the germ ring are drsLwn to the median 
a, and as the ring there extends backward or downward, 
ik median strand of tissue is left, from which are developed 
when the embryo begins to form, the rudiments of many 
5 important axial organs. The downward progress of the 
d and ventral margins of the blastopore is quite slow 
•aratively, so that the closure seems to occur mainly to- 
the lowejp pole of the gastrula. That is, as the diameter 
e circular blastopore diminishes, its center, which is the 
r of the yolk plug, moves toward the lower pole and may 
y reach this or even pass beyond it a short distance up on 
•pposite side. The form of the blastopore changes mark- 
during the later phases of its closure. The final rapid 
jach of the lateral margins alters its outline from a circle, 
at it becomes ovoid and finally quite elongated and slit- 
in the direction of the sagittal plane of the gastrula 
. 35, 38, -4). But before this occurs the blastopore is 
sd back near its point of origin by the rotation of the whole 
ula to be described shortly, 

stions through the gastrula during this period of closure of 
>lastopore show that many important processes are going 
itemally. Continuing from the stage described, where the 
aiteron had become a curved crevasse putting the invagi- 
i and delaminated endoderm of its outer wall into connec- 
we find that the essential process of gastrulation is con- 
id chiefly by the rising of the yolk cells from the floor of the 
occel in advance of the archenteron, so that the inner 
of this cavity is carried upward under the animal pole 
then beyond, toward the side of the gastrula opposite that 
le first appearance of the archenteron (Fig. 32, C-F). The 
cells at the same time are carried around the front of the 
mcing archenteron and form the outer wall of the primary 
cavity. This rearrangement of the yolk cells, involving 
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their elevation in the dorsal or postero-dorsal region, draws 
away the yolk cells from beneath the original aegmentation 
cavity so that as the archenteron advances the segmentatioD 
cavity recedes. Meanwhile the archenteron enlarges over the 
whole animal region and actually encroaches upon the blasto- 




l''i[). :H. — Diaitrani9 of iiicdiuD aimiltal sections Cbtough the frog's cleavUB 
mid gaslrulft ataRue, showiriR the changes in posilion during gBBtmlstioo. From 
Zipa'er (Lohrhuoh. irtc). nfler Kopach. The arrow marlcBthe vertjc&l. (Accord" 
inif III Morgan nnd others Ihe figures of the first two stages should be roUMl 
al.oul IS- in the counter-clockwise direction.) 

ctt'I, SO that as the latter moves toward the anterior side of the 
gastrula it diminishes in size and soon disappears (Figs. 32, 33). 
In some cases the wall of yolk cells separating the archenteron 
and hlaKtoca-l becomes thin and breaks through, before the 
blast ocu'l has completely disappeared: in this case the remnant 



THE EARLY DEVELOPMENT OF THE FROG 



105 



of the blastocoel is added to the archenteron and the endodermal 
wall is completed by growth of the portion already formed. 

The formation of the archenteric cavity in a region formerly 
occupied by yolk cells, and the gradual enlargement and shift- 
ing of this cavity as well as of the blastocoel, obviously alter the 
position of the center of gravity of the gastrula as a whole, and 
the extensive changes in the relative positions of yolk and 
protoplasmic cells, whose specific gravities are unlike, contrib- 
ute to the same alteration. This all results in a rotation of 
the gastrula about a horizontal transverse axis (Fig. 34). 
During the early phases of gastrulation, as just described, the 
more rapid growth of the dorsal (posterior) lip of the blasto- 




Fio. 35. — Diagrams of the frog's gastrula showing the position of the blasto- 
pore at various ages. A. Posterior view. B. Lateral view. 1-5 indicate the 
■urceasive positions and forms of the blastopore. The change in position is due 
^th to the actual growth movements of the blastopore, and to the rotation of 
tbe entire gastrula. Compare Figs. 32, 34. 

pore carries this to or even past the low^r pole of the gastrula, 
^ven past the lower gravitational pole. Then as the blastopore 
continues to narrow, the whole gastrula rotates slowly in the 
opposite direction, carrying the blastopore back to the region 
where the dorsal lip first appeared and then on dorsally some- 
what above the equator, into a postero-dorsal position, where 
it remains stationary for a time. Thus the shifting of the blas- 
topore is the combined result of changes due to growth and to 
rotation. On accoimt of the localization of the growth processes 
hi the gastrula, which will be described presently, there is not 
a complete correspondence between the chief axis of the bias- 
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tula or early gastrula and any single straight axis of the later 
gastrula. 

The description of gastrulation from observation of median 
sagittal sections or hemisections does not give a complete idea of 
this process. We may return now to a consideration of some of 
the processes going on in the lateral parts of the gastrula. As 
the dorsal lip of the blastopore becomes crescentic, the deepen- 
ing archenteron pushes laterally around through the mass of 
yolk cells (Fig. 33, 5, C, D). But these have already become 
separated from the ectoderm by the gastrular groove and cleav- 
age, except only in the region of the lower pole just anterior to 
the place where the anterior (ventral) lip of the blastopore will 
form. So that by the time the blastoporal lip becomes circular, 
i.e., by the time the ventral lip forms, this region has already 
been divided into ectoderm and endoderm, and therefore the ex- 
tent of invagination at the ventral lip is greatly limited. The 
important result of this is that the actually invaginated endo- 
derm is confined to a broad tongue of cells on the dorsal side 
(roof of the archenteron) and a ring-like strip extending around 
within the blastopore lip from the base of this tongue, nar- 
rowing rapidly toward the ventral side. The archenteron itself 
is at first a narrow slit, crescentic in cross section, but as it 
grows up to the animal pole and enlarges, it grows farther lat- 
erally so as to extend in a wide crescent (in transverse section) 
about to the level of the equator of the gastrula (Fig. 33, E, F). 
This leaves the yolk cells as a convex mass projecting into 
the archenteron from its floor. 

The frog illustrates very well the way in which the process of 
gastrulation proper is complicated, in the Chordata, by the early 
formation of certain of the important axial organs which are the 
chief characteristics of the Chordate group; the formation of the 
rudiments of these structures is termed notogenesis. Gastrula- 
tion proper includes only those processes by wliich the single- 
layered (monodermic) blastula is converted into the two-layered 
(didermic) organism, with definitely established ectoderm and 
endoderm — the gastrula. The method by which this is accom- 
plished may vary in different groups of Chordates; in Amphi- 
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oxus, we have seen, invagination is the chief process, while in 
the frog this is less important, and the endoderm is more largely 
the result of delamination or of a simple rearrangement of cells 
forming different parts of the wall of the blastula. Among the 
higher Chordates invagination may be entirely lacking and gas- 
trulation may be entirely accomplished by other methods (in- 
volution, epiboly, delamination). As a matter of fact, even in 
the frog, invagination is concerned less with the formation of the 
inner layer than with the establishment of the notochord and the 
formation of the rudiment which gives rise in part to the meso- 
derm. It becomes necessary, therefore, to distinguish sharply 
between gastrulation and notogenesis. In the frog the strictly 
two^layered condition exists for a very brief period only, for the 
earliest phases of notogenesis, namely the formation of the meso- 
derai and chorda, occur quite precociously. The early forma- 
tion of these structures may more conveniently be described 
together, and for the first stages we must return to the early 
gastrula. 



6. The Mesoderm 

hi order to understand the origin of the mesoderm we must 
examine the early gastrula at the time the gastrular groove and 
cleavage extend down toward the incipient blastopore. Here 
the inner region of the germ ring and the yolk cells lining the 
blastocoel are continuous, and it is here that we find those cells 
^hich are later to form the mesoderm, and although distin- 
guishable at this time, they are not definitely delimited within 
this zone which is transitional between the ectoderm and endo- 
denn. On one side these cells are continuous with ectoderm 
cells, on the other with endoderm or yolk cells (Figs. 32, A; 33, A) . 
As the lips of the blastopore extend laterally this mesoderm 
fudiment forms pari passu, and when the blastopore rim becomes 
circular the mesoderm rudiment can be distinguished in the 
ventral lip (Figs. 32, F; 33, C) . We may say then that the rudi- 
Dient of the mesoderm appears first as a ring of cells just within 
the margin of the blastopore. But by the time the ring is com- 
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pleted ventrally, its dorsal region, in the more rapidly develo 
ing dorsal lip, has broadened considerably so that its gener 
form might be compared with a signet ring. 

As the blastopore is completed and begins to close, the co: 
fluence of its lateral margins transports masses of the cd 
toward the mid-line, and leaves them as a broad median bai 
extending upward from the dorsal lip of the blastopore. As 
result of the multiplication of these cells, and of the downwa 
extension of this lip, a considerable axial thickening is forme 
And at the same time the extension of the archenteron carri 
the yolk cells, with which the mesoderm is closely related on o] 
side, upward toward the animal pole, so that altogether, ev( 
in these comparatively early stages, the extent of the mesoder 
is nearly as great as that of the endoderm. And soon the mes 
derm is definitely delimited from the endoderm by a rearrang 
ment of cells giving the appearance of an irregular delaminatic 
(Fig. 33, D). This delamination commences in the dors 
lateral regions either side of the thickened axial mass and grad 
ally extends thence anteriorly and laterally around the sides 
the archenteron separating a thin layer of definitive endoder 
walling the gut cavity, and a much thicker mass of mesoder 
between this and the superficial ectoderm (Fig. 44). In tl 
region of the lower pole of the gastrula, under the thickest ma 
of yolk, the delamination comes to the surface of the yolk nuu 
forming a free circular margin of mesoderm. From this frc 
margin cells and groups of cells break or bud off passmg farth( 
ventrally, and finally reaching the lower pole, completing thu 
a fairly continuous layer between ectoderm and endoderr 
(yolk) (Figs. 44, 61, 63). In the region of the dorsal aidfl 
mass, particularly in the region of the blastopore, the de 
lamination is delayed and its course somewhat modified, h 
these regions the cells concerned in mesoderm formation luiv< 
very different relations from the remainder, since throughou 
they are the derivatives of cells which have been invaginate< 
from the outer layer. And here too the development of th< 
notochord complicates the matter somewhat. 

Sections cut transversely through the blastopore and th' 
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region just in front of it, show that the rudiments of the chorda, 
mesodenn, and dorsal endoderm are for a time not distinguish- 
able (Fig. 33, E). Sections through the narrowed blastopore, 
while it is still filled with the yolk plug, show that the rim of the 
blastopore is composed of a thick imdifferentiated mass of cells, 
representing a part of the contracted germ ring. Farther 
lateraUy the ectoderm is separated by a line or narrow space 
which is formed in gastrulation; the thin endoderm is separated 
from the middle layer by a line or space which results from 
delamination as described above. In front of the blastopore, 
in the region formed by confluence, the arrangement of the 
cells and germ layers is much the same, except that they are not 
interrupted in the mid-line. The pigmentation of the inner 
surface of the mass is an indication of the derivation of these 
cells from the outer layer through invagination. 

At a later stage, when the yolk plug has withdrawn from the 
surface and the blastopore has become slit-like, transverse 
sections show several important changes in this axial mass. 
In front of the blastopore the separation between ectoderm and 
mesoderm has extended, by delamination, toward the mid- 
line, and just before reaching this, turns sharply downward 
toward the line of delamination between the endoderm and 
mesoderm, not, however, reaching quite to this, thus leaving in 
the mid-line a narrow vertical ridge of cells. In the regions 
where the endoderm and mesoderm remain continuous, a pair 
of slight depressions appear as shallow grooves out of the 
archenteron; these are continued into the cell mass a short 
distance as virtual grooves, indicated only by the arrangement 
of the pigmented cells. Further forward (Fig. 36) the lower 
margins of these grooves become better marked, as low lip-like 
structures approaching the mid-line, and the mesoderm in 
these regions is more extensively separated from the lining of 
the archenteron. Finally, still farther forward, the grooves 
disappear and the extension vertically of the spaces separating 
the mesoderm from the endoderm and ectoderm completely 
delimits the pair of mesoderm masses. The cells left in the 
Diid-line between the proximal ends of the mesoderm sheets 
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form a wedge-shaped elevation continuous with the ^doderm; 
this is the rudiment of the notochord. In a still later stage 
the chorda be^ns to be cut off from the endoderm by a narrow 
split leaving the enteron roofed dorsally by a layer only one 
cell thick (Fig. 44). Passing posteriorly from the first section 
described above, into the re^on of the blastopore, we find the 
grooves out of the archenteron better marked and the ventral 
lip, as well as the dorsal, quite pronounced. These grooves 
are apparently indications of the enteroccelic evaginations; 




Fia. 36. — Part of a transverse section throuEh the young embcyo of R. /usea, 
showing traces of enterociel formatJOD. After 0. Hertwig. a, Archenteron: 
e, enteroccels* ec, ectoderm: en. endoderm; m, mesoderm; n, notochord; p, neural 
plate; v, yolk cells. 

this relation will be mentioned more fully at the close of the 
description of notogenesis. 

7. The Medullary Plate 

The rudiment of another axial structure is developing at the 
name time as the chorda and mesoderm; this is the medullary 
plate. The medullary plate is formed in part from the mcdiao. 
band of cells extending from the region of the dorsal lip of th^ 
blastopore nearly to the animal pole, and in part from tlie 
axial thickening due to the confluence of the lateral portiorus 
of the germ ring. In the former region the inner or nervoiiS 
layer of ectoderm begins to thicken and by the time the blasto- 
pore has become circular and commenced to close, a thickened 
nifHiulhiry plate has formed over the whole dorsal surface of 
the gastrula (Fig. 32, F). This is in the form of a broad plate. 
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narrow just in front of the blastopore and widening gradually 
as it extends up toward and beyond the upper pole. By the 
time the yolk plug is withdrawn the margins of the medullary 
plate are considerably thickened so that its outline is visible 
externally; the median region has meanwhile become thinner 
and a shallow groove results (Fig. 22, C). The thickened 
margins are elevated slightly above the general surface of the 
ectoderm and form the two lateral neural ridgeSy extending 
from the sides of the blastopore along the dorso-lateral regions 
of the embryo, widely separated, to a level about opposite the 
blastopore, where they turn sharply and pass to the mid-line, 
meeting and forming thus the transverse neural fold, which 
marks the anterior limit of the medullary plate. The median 
groove soon becomes quite pronounced and is known as the 
uural groove. 

Sections through the region just in front of the blastopore 
(Figs. 32, G; 33, F) show that the neural plate early begins to 
separate from the remainder of the ectoderm. Fig. 44 shows 
how the medullary plate is cut away laterally and superficially 
from the ectoderm by a narrow split resulting from cell re- 
arrangements; we have already seen that a similar space sepa- 
rates the medullary plate from the underlying notochord. 

8. Summary and Comparisons with Other Forms 

Before continuing our account of the development of the 
rudiments whose formation has just been described, we should 
summarize the events of notogenesis and their relation to 
gastrulation. It is evident that the distinction between gas- 
trulation and notogenesis is real, and essential to an under- 
standing of this period in development. Gastrulation involves 
only those processes which convert the monodermic embryo 
iiito a didermic embryo; notogenesis includes those processes 
involved in the formation of the medullary plate, notochord, 
and mesoderm. Gastrulation is accomplished primarily by de- 
lamination and the rearrangement of the yolk cells, and only 
secondarily, and to a very slight extent, by invagination. In 
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the frog the process of invagination is chiefly concerned in the 
formation of the rudiments of the chorda and the mesoderm 
of the dorsal and dorso-lateral regions, although these structures 
are not formed wholly by invagination but also by the transport 
of the materials of the germ ring to an axial position, and then 
by delamination. In the development of the frog, therefore, 
invagination is a process of minor importance. 

The actual materials out of which the axial structures of the 
embryo are formed are to be found in the animal half of the 
blastula, that is, in the walls and floor of the blastoccel, and these 
in turn are distinguishable in the eight cell stage, where they are 
contained in the upper quartet and the upper parts of the lower 
quartet; finally they can be traced back, approximately to the 
animal half of the egg. The later localization of the greater 
part of these materials in a true germ ring is an important 
characteristic in the development of the frog, and makes pos- 
sible a close comparison of the gastrula and early embryo of 
this form, with the conditions in the lower as well as higher 
forms. It is also important that accompanying the down- 
growth and closure of the germ ring there is a true confluence 
of its lateral margins, forming a thickened axial mass of cells, 
gradually elongating posteriorly through continued confluence. 
In this axial region the chief organs characteristic of the frog 
as a Ghordate animal, have their origin. These organs grad- 
ually differentiate as the mass elongates posteriorly, and their 
rudiments, though not individually differentiated as such, are 
thus seen to form gradually from the cells contained laterally 
in the roots of the axial thickening, that is, in the germ ring 
itself. This germ ring is not so clearly indicated in Amphioxus, 
although we have seen in that form a rapidly growing ring of 
cells around the blastopore, wider on its dorsal side, from which 
are differentiated gradually the rudiments of the chorda and 
mesoderm, and a considerable part of the medullary plate. In 
Amphioxus, however, gastrulation is more nearly completed 
before notogenesis commences, so that while there is some 
overlapping it is not so extensive as to cause confusion of the 
two processes. In the frog not only does notogenesis commence 
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80 early as to obscure certain features of gastrulation, but these 
processes are both highly modified by the presence of a large 
mass of inert yolk cells. The presence of this rather immobile 
mass results in the formation of the embryo as on the surface 
of a sphere instead of as a simple elongated embryo, and such 
processes as the formation of enterocoelic or notochordal evagi- 
nations of the gut seem more or less abbreviated when com- 
pared with such a form as Amphioxus, where the embryonic 
layers are not impeded in their foldings by any such restraining 
influence as the yolk mass in the frog. Were we to assume 
that the development of Amphioxus represents truly primitive 
processes of development among the Chordates, we might 
describe the course of early development in the frog by saying 
that it is directed toward the accomplishment of the final 
result, rather than the carrying through of a definite program, 
80 that the formation of the chief axial structures is effected 
more or less independently of the formal processes of develop- 
ment, as illustrated by Amphioxus. 

However, there is considerable doubt as to whether Amphi- 
oxus does really represent, in these respects, conditions which 
may be considered primitive for the Chordates. Opinion 
remains quite divided upon the subject of the relation between 
developmental processes in Amphioxus and in such forms as 
the Amphibia. Some would point out that excepting only the 
Protochordates, all of the lower vertebrates have large eggs, 
containing a considerable quantity of yolk, definitely localized 
m one pole; that, indeed, the Mammals are the only Craniates 
which have small eggs, with little yolk, comparable with those 
of the Tunicates and Amphioxus. These would maintain that, 
while we may say that the presence of the yolk in the egg has 
Diodified the form of early development, we cannot call this 
Diodified development typical for the Chordata. It is quite 
likely that while the development of Amphixous is simpler and 
^ore diagrammatic than that of any Craniate, we must after 
^1 regard this as a secondary or acquired simplicity, and not the 
^plicity of primitiveness. From the point of view of purely 
comparative embryology, Amphioxus should be the first to be 
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considered; from the phyletic standpoint it should be consid- 
ered after the more typically Chordate frog — not that the frog 
is embryologically typical of all Chordates, merely that it rep- 
resents that condition more truthfully than AmphioxuSj. On 
the other side, some would hold that the embryological sim- 
plicity of Amphioxus is that of true primitiveness, that Am- 
phibian development is secondarily modified, and phyleticaUy 
a modification of that of the Protochordates, interpretable 
only through the latter and not vice versa j and that many of the 
differences are the result of the accumulation of yolk in the 
Amphibia. We may mention from these two points of view 
only the development of the mesoderm as one of the central 
points. 

Except in Amphioxus the Chordate embryo remains two 
layered or didermic only a very short time, on account of the 
very early development of the mesoderm in all other forms. 
In the frog the mesoderm cells are found, soon after the endo- 
derm begins to be formed, first all around the margin of the 
blastopore forming an important part of the germ ling; that is, 
the mesoderm is first all blastoporal or peristomial. Then con- 
fluence begins and the lateral portions of the germ ring are car- 
ried to the mid-dorsal region and poured into the posteriorly 
elongating embryo, where they form the mesoderm bands; the 
mesoderm of the germ ring thus becomes axial in position and 
is known then as gastral mesoderm. The gastral mesoderm is 
here derived from the peristomial through a change in position. 
due to confluence, and no essential distinction between the two 
is to be drawn. Only in the posterior region of the frog embryo 
immediately in front of the blastopore, are there traces o^ 
evagination in connection with the formation of the mesodemci. 
in the form of a pair of slight grooves or slits. These may l>o 
considered as due merely to the rapid, unilateral and localized 
proliferation of the cells around the blastopore, such as ofteii 
leads to a grooving of the surface, and as having nothing to 
do with the mesoderm folds and enterocoelic evaginations of 
Amphioxus. Or, on the other hand, these grooves may be 
regarded as vestiges of the enteroca^lic grooves of a primitive 
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Amphioxus-like embryo, which has been modified by the ac- 
cumulation of yolk and the precocious formation of the meso- 
derm before confluence. It might easily be supposed that the 
fonnation of the mesoderm in advance of the definite establish- 
ment of the gut cavity would result in the loss of function and 
disappearance of the enterocoels. In Amphioxus the gastral 
and peristomial mesoderms have unlike origins, because the 
mesoderm is not formed untU after gastrulation, and conse- 
quently, that formed from invaginated endoderm (gastral or 
axial) is unlike that (peristomial or blastoporal) formed from 
the "germ ring" or growth zone, around the posterior end or 
blastoporal region of the embryo. 

While decisive evidence is perhaps lacking, and much may be 
said on both sides, on the whole the evidence seems to favor the 
first view; that the method of mesoderm formation in Amphi- 
oxus is not wholly primitive, that primarily there is no distinction 
between gastral and peristomial mesoderm, for all is first peristo- 
mial or blastoporal, and that the mesoderm grooves of the frog 
are not vestiges of enterocoelic evaginations, like those of Amphi- 
oxus, but represent the primary mode of origin of the mesoderm 
as a proliferation from the margin of the blastopore. This 
would, of com*se, involve the conclusion that the coelomic cavity 
is not phylogenetically derived from the gut cavity among the 
Chordata. In the frog the coelom has no relation with the 
mesoderm folds, as it would have if these are vestigial enterocoelic 
grooves, and it will be recalled that in Amphioxus only the cav- 
ities of the more anterior somites are ever connected, even as 
grooves, with the gut cavity. And yet in some of the tailed 
Amphibia the coelom is apparently sometimes directly con- 
nected with the grooves in the mesoderm folds. 

Most of the differences in the arrangement of the mesoderm 
nidiments in Amphioxus and the frog can be traced to this 
<lifference: in the frog the mesoderm differentiates before gas- 
tnilation and confluence, in Amphioxus the mesoderm differ- 
entiates after gastrulation and after confluence has begun. 
Doubtless these imlike relations are largely the result of the 
absence of the yolk mass in Amphioxus and the consequent 
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mobility of the blastomcres and the epithelia which they 
compose. 

We may assume that the stage in which the rudiments of the 
central nervous system, notochord, mesoderm, and gut are aU 
definitely established, marks the end of notogenesis and the 
beginning of the formation of a definite embryo in a restricted 
sense. 

B. The Formation of the Early Embryo 

We may close our account of the early embryonic period by 
tracing briefly the further development of the rudiments 
formed at the close of notogenesis, up to the time the neural 
tube is closed. W^e have assiuned arbitrarily to let this stage 
(about two days after fertilization) represent an ''early embryo" 
(Fig. 22, E, F). At this time the embryo has elongated so that 
its length is about one and one-half times its depth or the diam- 
eter of the gastrula. The postero-dorsal region is narrowed and 
drawn out slightly into the rudiment of the tail. The dorsal 
surface is straight or even slightly concave and narrowed in 
cross section, the ventral surface remains broadly convex. The 
rudiments of several organs are visible externally as elevations 
or depressions; these will be described in connection with the 
internal structure. Externally the ectoderm alone still forms 
the covering epithelium, for as yet no part of the mesoderm has* 
contributed to the formation of an integument. About the only 
change in the character of the ectoderm is the development, on. 
some of its cells, of numerous short cilia. Just before the fusion, 
of the neural folds the cilia begin to appear first along their 
margins. They extend rapidly more widely over the surface, 
and by the time this early embryonic stage is reached they are 
absent from only the ventral surface. A little later the ciliation 
is completed. The cilia beat in the posterior direction and give 
the embryo a slow rotary motion within the egg membranes. 

1. The Nervous System 

It is more convenient to describe the development of the 
nervous system first, partly because many of the chief external 
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characteristics of this period are associated with the develop- 
ment of this system. The transverse neural fold, which marks 
the anterior limit of the central nervous system (Figs. 22, C; 32, 
G), forms from materials located in about the middle of the roof 
of the blastocoel, while the posterior limit of the nervous system 
is just above or in front of the dorsal lip of the blastopore. The 
downward extension of the latter, on account of the confluence, 
increases the length of the rudiment of the nervous system, so 
that before the blastoporal margin or germ ring has fully con- 
tracted, it extends nearly from pole to pole, around the posterior 
side of the gastrula. The rotation of the gastrula then changes 
the apparent, though not the true morphological, position of the 
anterior margin of the medullary plate, so that when the trans- 
verse neural fold actually appears , it is on the anterior side of 
the gastrula, and the medullary plate itself occupies nearly the 
whole dorsal surface of the early embryo (Fig. 32, G). We have 
already described the formation of the neural or medullary 
plate, the neural groove, and the lateral and transverse neural 
or medullary ridges. 

The elevation of the neural ridges, particularly their anterior 
portions, soon becomes very marked, and as it continues the 
middle of the plate sinks downward and soon the ridges bend 
over toward each other and meet along the mid-line, where they 
fuse, transforming the neural plate into the neural tube contain- 
ing the neural canal or neurocoel (Figs. 22, Z), E; 38) . For a long 
time after fusion a deep median groove marks the region where 
the folds have come together. The fusion of the neural ridges 
does not occur simultaneously throughout their extent, but 
first in about their middle, then extending posteriorly and 
anteriorly from this region (Fig. 38). This is approximately 
the location of the future medulla (myelencephalon) ; from this 
time, therefore, the spinal cord and brain are distinguishable 
(Fig. 37). The narrower cord region closes before the much 
^der brain. In the closure of the brain region the transverse 
fold plays an important part; this extends backward, roofing the 
expanded cavity of the brain, and meets the slowly fusing 
lateral folds in the region between the future fore- and mid- 
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brain. This is, therefore, the last region of the neural tu 
close, and niay consequently be termed the neuropore; L 
later embryo this is the region just posterior to the epiphyi 
pineal body {see next chapter). The neuropore has a 
transitory existence. 




Fiu. 37. — Uiagrams of niediaa sagittal seotioiiB of frog embryo*. 
Marghall. A. Just lietore the closure ot the blastopore. B. Just aft 
rioaure of the blastopore. (See Fig. 38, D, E.) a. Anal or cloacal ap< 
b. blastopore; e. epiphysia; ec, ectoderm; en. endoderm; /, fore-brain; g, mi 
A, biud-brain; Al, rudiment of heart; Av. hypophysis; I, liver diverticulum; h 
brain; mi, mesoderm; n, notochord; nc. oeurcnterie canal; o, oral eva(ir 
P, proctodeum; ph. pharyiuical rcgiou of gut cavity; r. rectum; >, spinal 
y, yolk cells. 

Those cells in the nervous layer of the ectoderm formin 
lateral margins of the neural plate, that is, the neural r 
proper, do not themselves form an integral part of the D 
tube, ^^'hen the margins of the neural plate fold together 
are left dorso-laterally, between tlie neural tube and the d 
tive ectoderm. These ridges of cells become broken inti 
groups, lying along the lateral regions of theneural tube, for 
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the neural crests. These are concerned later in the development 
of the nerves, which, together with some additional details of 
this period, wiU be described in the next chapter. 

At the posterior end of the embryo, the relations of the blasto- 
pore (germ ring) and neural folds are of considerable importance 
from a comparative point of view. We left the blastopore in 
the form of an elongated slit on the postero-dorsal surface of the 
embryo. The lateral walls then approach, about the middle of 
the slit, and finally it is there constricted completely, so that the 
blastopore is divided into two small openings, an upper and a 
lower (Fig. 38, A, B). The medullary groove extends forward 
from the upper opening, which remains open, leading directly 
mto the archenteron (Fig. 37). The lower opening is soon 
closed by the fusion of its lips. The fusion involves only the 
ectoderm and endoderm of the region, and occurs some distance 
below the surface, so that a pit-like depression is left on the 
surface, lined with ectoderm; this is the proctodceum. When the 
posterior ends of the neural folds form, they extend into, or 
rather out from, the middle regions which have fused, and as 
they become elevated and form the neural tube they cover over 
the upper blastoporal opening (Fig. 38, C) which thus becomes 
ihneurenteric canal, like that of Amphioxus or other Chordates, 
and similarly formed, putting the neurocoel and gut into com- 
munication. The lateral margins of the blastopore are formed 
of the remains of the germ ring, and when they meet, dividing 
the blastopore, they form a median cell mass in which ectoderm, 
endoderm, and mesoderm are fused in a more or less undifferen- 
tiated mass. This mass can no longer be called the germ ring, 
although it is really equivalent to the lateral parts of this; it is 
blown as the primitive streak, and the groove that remains for 
* time on its surface, indicating its origin from originally sepa- 
^te lateral portions, is the primitive groove. The primitive 
8treak and groove of the frog are homologous with the similarly 
blamed structures in Amphioxus and in the Amniota. The cells 
of the primitive streak continue to multiply rapidly, and bud 
forth strands of ectoderm into the neural folds and upon the 
surface of the body, mesoderm into the lateral bands, and en- 
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^1 doderm into the wall of the gut. Tliis leads to the formation 

^H of a postero-dorsal protuberance which is the rudiment of the 

r 




Fio. 38. — PoBtMior ends o( a acnes of young (rag emhrj-os, Bhowintt the lat^ 
history of the blastopore andtherelstion o( the ueural folds to it. The embryo* 
are viewed obliquely from the pastero-internl BHpect. After F. Ziegler. A. Blca-*" 
topora nearly rloaed; neural folds just indicated. B. Blastopore be«)minc c3U~ 
vided into neurenteric and proctodfeal portions; neural folds beeooijue elevat^^ 
C. Neurenteric fhdhI forminK; neursJ folds cloHing together. D. Neural fold* '" 
contact throughout. E. Neural folds completely fused; tail coinmencine togt-*^* 
out. b. Bluslupore, containing yolk plug:bi, rudimentofneurenleric canal (doa tBtl 
part of blastopore): 6,, rudiment of proetodKal pit (ventral part ol lilnalopoK-*'; 
ba. branchial arehes; ii, neural groove; nf. neural folds: np, neural plate; p, pro^ 
todiea] pil: ■. rudiment of oral ituchcr; t, rudiment of tall; x, neural folda roofiff 
ibe lilasloporc and estnblishinfc the ncurentoric canal. 



tail, but in the stage i 
(Fig. 38, D. m. 



e are describing this is only just indicated 
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At the opposite end of the body the enlarged brain protrudes, 
forming a head region faintly indicated externally. A sagittal 
section (Fig. 37, A) shows that the future regions of the brain 
are but faiAtly marked out. The chief characteristic of the 
brain is its abrupt bending or flexure around the anterior tip 
of the notochord; the region immediately in front of the chorda 
is that of the future mid-brain, while the large fore-brain lies 
entirely below the level of the chorda and the remainder of the 
neural tube. In the mid-line, just beneath the end of the fore- 
brain, a tongue-like proliferation of ectoderm cells extends 
inward a short distance. This is the rudiment of the hypophysis. 
The simple rudiments of the chief sense organs are also indi- 
cated at this early stage. The eyes are distinguishable, even be- 
fore the brain closes, as small patches of deeply pigmented ecto- 
dermal epithelium in the antero-lateral regions of the medullary 
plate. When the neural tube is completed, they form a pair of 
hollow ventro-lateraJ outgrowths from the fore-brain to the 
superficial ectoderm. Frequently they can be seen externally, 
marked by a pair of slight darkened elevations, either side of the 
fore-brain region (Fig. 22, Ey F). The ears are indicated as a 
pair of thickened patches of the inner or nervous layer of the 
ectoderm opposite the hind-brain region. They are scarcely 
\mh\e externally at this time. The olfactory organs develop as 
thickened circular patches of ectoderm below and in front of the 
optic rudiments. At this stage a pair of slight depressions may 
sometimes be detected on the surface, marking the future 
olfactory pits. 



2. The Notochord 

By the time the neural tube is completed the chorda has 
become completely delaminated from the outer surface of the 
^ndoderm, except only in the region of the primitive streak 
^here its formation is still progressing posteriorly. The separa- 
tion of the chorda from the endoderm, or rather the enteroderm 
(see below), occurs in the posterior direction, beginning near 
W not quite at the anterior tip. 
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3. The Enter on 

At the close of gastnilation and notogenesis the archentero: 
is a nearly hemispherical cavity on the dorsal side of theembryc 
open posteriorly through the blastoporal opening. Its roc 
and sides are left as a thin layer of endoderm — the enteroderm— 
after the chorda and mesoderm have been split ofif; its floor i 
formed of the thick mass of yolk cells. By the time the neurfi 
tube is completed and the embryo has elongated slightly, th 
enteric cavity or mesenteron has enlarged considerably, chiefl; 
in front of the yolk mass, which retains a postero-ventraJ posi 
tion in the wall of the gut (Fig. 37). This anterior enlarge 
region of the mesenteron is known as the fore-gut, the entir 
wall of which is but one cell thick; this is the region of th 
embryonic pharynx and later of the oesophagus and stomac! 
as well. At the posterior end of the mesenteron there is a sligh 
enlargement, just in front of the neurenteric canal, which is th 
hind-gut or rectal portion of the intestine. Connecting thes 
two regions the narrow mid-gut or intestinal region proper, i 
that containing the yolk cells, which are also to be regarded a 
enteroderm. 

In the fore-gut of this stage there is an antero-ventral out 
pocketing toward the ectoderm just below the fore-brain, indi 
eating the region where the mouth will form later. A posterc 
ventral outgrowth beneath the anterior end of the yolk mass : 
the rudiment of the liver. Sections passing through the side 
of the fore-gut show that even in this early stage the rudiment 
of the first two or three visceral pouches are present in the fon 
of vertical outgrowths from the side walls of the pharynx fc 
the ectoderm, with which they fuse. Along the region of thi 
fusion the ectoderm is depressed so that these are extemallj 
visible as vertical depressions just back of the head (Fig. 22, Ej 
F), Externally two ot these are marked at this time as the 
external branchial grooves, and the ridges left between and in 
front of them are the rudiments of the second or hyoid, and firs* 
or mandibular arches respectively. The hyoid arch is sometimes 
known here as the ^^gill plate'^; it extends dorsally nearly to 
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the margin of the nervous system. The mandibular arches are 
less marked; these appeared even before the medullary plate 
became folded together, as a pair of low ridges diverging from 
the antero-lateral regions of the plate and sometimes called 
the "sense plates." They lie between the olfactory and optic 
rudiments and form the antero-lateral regions of the embryonic 
head. 



4. The Mesoderm 

The delamination of the mesoderm from the surface of the 
endoderm commenced m the dorso-lateral regions anteriorly, 
and spread thence posteriorly and ventrally. We have seen 
that posteriorly the mesoderm finally passes into the region of 
the germ ring, or what now represents a portion of that, the 
primitive streak, where it continues to be formed and budded 
off anteriorly as the primitive streak extends posteriorly. And 
ventrally the delamination ceased in the ventro-lateral regions 
of the endoderm, and the mesoderm then extended gradually 
toward the ventral side through the multiplication of its own 
cells and their downward extension, and through the splitting 
off of scattered groups of cells from the endoderm toward the 
ventral side. In this early embryo the mesoderm forms a 
distmct layer separating ectoderm and endoderm throughout 
(Fig. 44), except in the primitive streak and in the head region, 
where the mesoderm is never in the form of a definite sheet, but 
is represented by scattered cells filling the spaces between the 
Wall of the mesenteron and the nervous system and ectoderm 
(Pig. 45). In the pharyngeal region the mesoderm becomes 
interrupted by the extension of the gill pouches out to the ecto- 
<lerm; between successive pouches groups of mesoderm cells 
*re enclosed which become the rudiments of the visceral arches 
^mandibular, hyoid, and branchial. 

Through the trunk region the typical mesodermal structures 
develop rapidly. The axial region toward the chorda thickens 
J^d becomes solid; this is the segmental plate or myotomal region 
(Pig. 39). Farther laterally the thinner layer is the lateral plate; 
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this splits into two more or less distinct sheets, the somatic 
and splanchnic layers, in contact with ectoderm and endoderm 
respectively. The space between these is the splanchnocoel, 
the rudiment of the body cavity or ccelom. In the stage we 
are describing the coelom does not extend completely through 
the lateral plate as it does finally. The ccelom does however 
extend into the segmental plate, as the rudiment of themyoccels, 




Fia. 39. — Part of a section through the anterior body regioa of ui emblyo of 
R. ijflralica. just bc(tinniiig to elongate, illustrating the differentiation of tb.* 
rocsoderm. Afler Field, r, Cielom; ec, ectoderm; en. eododenn; g, gut caTJcy; 
mp. medullary plate; my, myotome; n. notorhord; ne, rudiment of neural cr«B<; 
to, Bomalir layer of mesoderm; ip, aplanchnic layer of mesodeim. 

appearing toward the surface of this thicker mass. As t-l>e 
neural fold.s approach, the cells of this axial mesoderm axe 
rearranged in such a way that the longitudinal bands are cu' 
transversely into segments or somiles. This process begins 
just back of the phar>'nx and extends rapidly toward the 
posterior ends of the bands (Figs. 44, E; 53). It is important 
that the mesoblast of the head rejpon is not clearly divided into 
segments. By the time the neural tube is completed three or 
foxu" pairs of somites have been formed. At first these are . 
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continuous with the lateral plate but shortly after they are 
marked out, the two regions become separate and the lateral 
plate itself is never segmented but remains imintemipted. 
The coelomic spaces of the somites, the myocoels, then disappear 
without leaving any trace. These processes are progressive 
posteriorly, the formation of the ccelom, somites, etc., con- 
tinuing as the mesoderm forms from the primitive streak. 

In the embryo of this period indications of two important 

structures are present in connection with the mesoderm but 

not as readily recognizable and definite rudiments; these are 

the pronephros and the heart. The connections between the 

second, third and fourth somites and the lateral plate remain as 

small masses of cells, in close relation with the somatic layer 

of the lateral plate. These are the cells forming the rudiments 

of the pronephric tubules. The definite formation of these 

rudiments and that of the pronephric duct must be left imtil a 

later stage is described. Just below the pharynx and in 

front of the liver, the mesoderm cells are arranged in somatic 

and splanchnic layers, and between these the coelomic space is 

well marked on either side, while elsewhere in the ventral region 

it has not appeared (Fig. 37, B). Between the mesoderm and 

the ventral side of the pharynx a few loose cells are scattered 

along. This is the region where the heart is soon to appear 

hut this, too, must be described later. 

(References to the literature will be found at the end of Chapter III.) 
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In this chapter we shall trace the chief events in the develop- 
ment of the frog tadpole, from the stage described at the close 
of the preceding chapter, i.e., just after elongation is inaugu- 
rated by the enlargement of the head and the outgrowth of the 
tail. The more important changes in external form and in 
habit have been described in the introduction to the preceding 
chapter, and we may turn at once to the description of the inter- 
nal processes of development. 

The developmental history of no single species of frog is 
known with even fair completeness, and we should note that 
this chapter presents a composite account of the development 
of the genus Rana. No attempt has been made, save in occa- 
sional instances, to distinguish the species serving as the basis 
for different sections; these vary somewhat in details, but since 
details are largely omitted, little confusion is likely to follow 
such treatment. The species of Rana chiefly serving as the 
material for this account are the American species, sylvatica, 
polustris, and virescenSj and the European temporaria, esculenta, 
fusca, and muta. 

While the early history of the frog embryo is fairly well 
known, there are still many gaps in our knowledge of the later 
development of the tadpole, gaps which sometimes seem of 
remarkable proportions in view of the extent to which the frog 
is used as an object of embryological study. 

No accurate and convenient description of the age of the 
frog larva has been determined, since the rate of development 
varies so markedly with temperature changes before the opening 
of the mouth, and afterward with the abundance of food. At 
the time of hatching, which is usually between one and two 
weeks after fertilization, the larvse of most species are approxi- 
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mately 6-7 mm. in total length. Another frequent reference 
point is the time of the opening of the mouth, which usualli 
occurs in tadpoles of 9-10 mm., only a few days after hatching 
The limbs appear as small buds in tadpoles of 11-12 mm.; th< 
fore-limbs are of course concealed underneath the operculum 
but they develop at about the same time and rate as the hind 
limbs. 

I. THE NERVOUS SYSTEM 

1. The Central Nervous System 

In the preceding chapter we described the formation of th< 
neural tube and noted the differentiation between the narrov 
spinal cord and the dilated brain region. Posteriorly the core 
is bent downward toward the blastopore, and the cavity of thi 
cord is continuous with the archenteron by way of the neuren 
teric canal. Anteriorly the brain is strongly flexed around th< 
tip of the notochord. The neuropore, which is located ante 
riorly from the tip of the chorda, has just closed and remain 
connected with the surface ectoderm by a broad cone of pig 
mentcd cells (Fig. 37, A). 

The development of the brain from the stage described i 
comparatively simple. In its early history it differs from mosi 
other forms in two important respects; no neuromeres or brain 
segments are indicated, and the division of the primitive brain 
into its primary fore-, mid-, and hind-brain regions is incom- 
pletely indicated and appears relatively late. The chief mor- 
phological characteristics of the brain result largely from two 
groups of processes, (a) thickenings and thinnings, (6) out- 
growths and ingrowths of the wall. In describing these proc- 
esses it is convenient to distinguish the roof, floor, and sides 
of the brain tube. 

One of the chief features of the brain is its well-marked 
ventral flexure y the large anterior part of the brain Isning beloW 
the level of the notochord (Figs. 37, 40); this flexure remains 
a permanent characteristic of the brain, although as we shall 
see, it soon becomes masked by the unequal growth of the neigh- 
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boring regions. Just opposite the tip of the chorda the floor 

of the brain becomes sUghtly thickened as the tuberculum poste- 

fills, and in the roof, obliquely upward and forward from this, 

appears a rather extensive dorsal thickening (Fig. 41). With 

the aid of these landmarks we may map out the location of the 

future brain regions. A plane passing from the tuberculum 

posterius in front of the dorsal thickening, marks approximately 

the limit between the primary fore-brain or prosencephalon, and 

the mid-brain or mesencephalon; while a plane passing from the 

tuberculum posterius behind the dorsal thickening, marks the 

limit between mesencephalon and the primary hind-brain or 

rhombencephalon. The beginning of the rhombencephalon is 

also indicated by a considerable transverse extension of the 

brain tube; posteriorly the rhombencephalon passes insensibly 

mto the spinal cord. 

We may now proceed to describe the more important events 
in the development of each of these primary divisions of the 
brain. We should note in advance that the prosencephalon 
forms the olfactory lobes and cerebral hemispheres (telencephalon) 
and the between-brain (diencephalon) : the mesencephalon 
forms the region of the optic lobes and chiasma: the rhomben- 
cephalon forms the cerebellum (metencephalon) and the medulla 
oblongata or spinal bulb (myelencephalon). 

The Prosencephalon. — ^The cells of the ectodermal cone 
opposite the neiu'opore (Fig. 40), soon scatter, as the tissues of 
the head push out in advance of the brain, and no trace is 
left of the original location of this structure, save a slight bay 
^^ olfactory recess, which soon disappears. Below this level 
the anterior wall of the fore-brain remains somewhat thick- 
ened for a time, as the lamina terminalis. This extends to the 
ventral side of the brain where the optic stalks extend out from 
the fore-brain. These are hollow and their cavities are continu- 
ous with the cavity of the prosencephalon. The regions of 
the anterior and posterior borders of their attachment early 
become considerably thickened as the torus transversus and 
the rudiments of the optic chiasma and tlialami, respectively 
(Pigs. 41, 42); the former becomes the seat of the anterior, and 
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certain other, commissures of the brain. The narrow depres- 
sion between these two thickenings is the recessus opticus, i.e., 
the passage to the cavities of the optic stalks. The posterior 
side of the prosencephalon extends backward beneath the tip 
of the notochord forming a well-marked outgrowth, the 
infundibidum. 




Flo. 40. — MtdiftD BBgiltol serlion Ihrough the brain of an embryo R. /iuM> 
of 2.3 mm. From Von KupfTor (HertwiR'a Haodbui^h, etc.). cd. Notochord; 
if, BU|>er(idBt ItLj'i^r of ectoderm (" decksohicht ") : tn, endodermat linins of 
phHryni: g, inner or nervouii layer of ectoderm; hy, hypophysis; J. infundibulum; 
ig. ronical protiferalion of ectoderm cella at the point of closure of the ueunl 
folds. 

Somewhat later the entire dorsal wall of the prosencephalon 
becomes thinnrr, and toward its posterior limit an eva^nation 
appears which is the Ijcginning of the epiphysis or jnneal body 
(Fig. 42). In front of this the roof ultimately becomes non- 
norvous and forms a series of highly vascular folds projecting 
down into the cavity of the brain; this is the choroid plexit^ of the 
third ventricle. I.^tcr there develop, between this choroid 
plexus and the epiphysis, \.\\t> habcmdar ganglia anti commissure, 
and much later there develops, in front of this, a dorsal out- 
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growth of the wall, the pamphysis. That part of the prosen- 
cephalon extending from the choroid plexus and epiphysis on 
the dorsal side, to the infundibulum on the ventral side, is known 
as the diencepkaUm or betioeen-brain, while the remaining ante- 
rior portion is the telencephalon or secondary fore-brain. 

Considerably later (about 7 mm. or time of hatching) the 
rudiments of the cerebral hemispheres appear, growing outward 




1^0. 41. — MediKQ sagittBl section through the brain of an embryo R. ftueih 
iit.3 mm. length, but in a more advanced ataRe than that of Fig. 40. From Von 
Kaplir (Hertwig'fl Handbuch. tte.). ed, Notochord; cw, rudiment of optio 
''■imuij dw, dorsal thickenins; e, rudiment of epiphysis; en, endodermal liniag 
^pluiyni; hv. hypophyHis: /, infuadibulum; ll, lamina tertninalis: M, mesen- 
ttphdon; i*. proseDcephalon; R, rhombeacephalon; ik, rudiment of olfactory, 
■''■code; tp, tuberculum posteriue; (r, torus transversus. 

Md forward from the sides of the telencephalon (Fig. 42, A), 
Theae ultimately become very large and extend far in front of 
the median region. They have thick inner and outer walls, and 
contain extensions of the cavity of the telencephalon known as 
the lateral or first and second ventricles, while the remaining 
■Mdian cavity of the telencephalon and diencephalon is known 
M the third ventricle. The ventricles of the cerebral hemi- 
spherea are laterally compressed, and open out of the third 
wntricle by a pair of openings known as the foramina of 
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Monro. The thickenings of these anterior extensions of tl 
telencephalon and of the regions of the optic thalami and ant 
nor commissure produce an apparent straightening of the orig 
nal ventral flexure of the brain; this does not really disappea 
however, and the infundibulum continues to extend below ai 
in front of the tip of the notochord. 

The hypophysis, while originally not a part of the brai 
lxH?omes intimately related with it. This forms very early as 
strand of colls extending inward from the mner layer of the su 
face ectoderm (Figs. 37, 40), below the telencephalon and ju 
alx)ve the future mouth region (oral plate). These cells mult 
ply and form a definite mass lying between the endoderm at 
the infundibulum, just at the tip of the chorda. This rudimei 
later cuts off from the ectoderm, and after fusing with the dorsi 
wall of the j)harynx, comes into intimate relation with th 
lower surface of the infundibulum, forming the essential par 
of the pituitary body. 

The vwfienccphalon undergoes only slight modification during 
tlu* larval jx^riod. While its roof and floor remain thin, iti 
viMit ro-latoral walls thicken as the crura cerebri, connecting wit! 
the prosencej)halic wall: its dorso-lateral walls form the larp 
roundiHi optic lobes. In front of these the anterior limit of tb 
nud-brnin is markeil later by the posterior commissure. Thi 
rii\ it y of tlie mesencoj^halon is called the aqueduct ofSylvius;i^ 
bivonu\s narnnv and conntx^ts the thinl ventricle ^iith the cavitj 
of tlu* rhoinl>oncei^halon. 

77/*' rhawlH'Uirphah^}) is an elongated part of the brain lyinj 
w lu^lly nbovo t ho not ivhord. Tho usual division of this part ol 
tho brnin into ;»n anterior vu:er,ctphalor} and a posterior wjefen- 
crplioloiK is scarooly indioatinl in the frog. The wide carityol 
tho rlioniboni-oj^halon is known as xhi'^ fourth ventricle; it is con- 
tinuous antoriiM^ly with tho aipii^liut of Sylvius and posteriorij 
witli tho cavity oi tho s}Mnal lord. The metencephalon is the 
n^pon of tho <rfr?»iiV.,";; this is vorv small in the frog, and 
apix\irs lato in larval lifo. a> a li.Ts;*] ar.vi dorso-lateral thicken- 
ing. Vent r:\lly tho walls oi \hv :wo ri^gions are uniformly 
continuous. 
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Vvi. 42. — MediKD sagittal sectioni through the brain of the (rog. From Voo 
tvvBtr (Hertwia'a Handbuch, tie). A. Of a larva of R. futca of 7 mm. in 
*Wh the mouth wm open. B. R. ttcidenia at the end of metamorphosii. 
^Cwebetltun; ea, anterior commiuure;e(t. notochord; cA. habenularcommigaure; 
(h PMterior commisaure; h-pa. anterior pallial commissure; cq. posterior corpus 
tUdriceminum ; ct, tuberouJar oommisaure; cat. optic chiasma; d. diencephalon; 
4tr*etof IV cranial nerve; c, epiphysis; Am. cerebral hemisphere; Air, hypophysis; 
'i iif Ondibulum ; M, meaencephalon; Ml. myetencephalon: Ml. meteocephiiloD; 
h iDtero-dorsal extension of dieneephalon; pcA. choroid plexus of third ventricle; 
K rWnbeneephalon; rm, recessus mammillaris; ro, optic recess; le, roof of 
ifcoKlilisliiii. I, teleooephalon; tp, tuberculum posterius; (r, torus transveraus 
(Utncephali) ; vc, valvula cerebdli; e>, ventiicuius impar (telencephaU) (third 
*Wrida). 
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The broad roof of the myelencephalon is wholly non-nervous 
and forms the folded choroid plexus of the fourth ventricle (Fig. 
42, B). The floor and ventro-lateral walls of the rhomben- 
cephalon become greatly thickened, forming chiefly the nervou* 
pathways extending between the cord and brain and the nuclei 
of origin of most of the cranial nerves. Posteriorly the myden- 
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Fio. 43 — Trans (^ sir sco aas through he sp dbI cord of S futea. E^m Vw 
KuplTcr (HertwiKsHsudbuch, flc). A. ThrouRb I be anal region of b l*m « 
7 mm. B. Through the aalprior body region of a larva durine metamorphiM*- 
o. Spinal arlery; e, central canal: rf. dorsal column (white subBtance); da. donW 
root of spinal nerve; dz. alropbied doraal cellB; g, gray Bubstance: n, vsntrsl 
cells; IT, dorBo-laleral column (n-bite substance). 

cephalon narrows gradually and passes insensibly into the sjanBl 
cord. 

The spinal cord is at first flexed posteriorly toward the blarfft- 
pore (Fig. 37), but when the tail begins to grow out this fleiure 
disappears. The cavity of the cord is the central canal; it B 
lined with a layer of non-ner\'ous cells known as ependymal cells, 
while the true ner\e cells composing the greater part of ita w*" 
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are tenned the germinal cells (Fig. 43). Part of the germmal 
cells become the supportmg or glia cells, while the remainder 
become the functional nerve cells or neuroblasts. The closure of 
the neural folds is complete and no dorsal fissure is left in the 
cord. 

The thickening of the walls of the cord be^ns dorsally and 
dorso-laterally, so that the central canal is given a ventral loca- 
tion, its floor formed only by a layer of ependymal cells. Later 
the ventral wall thickens slightly and the ventro-lateral walls 
extend below its level forming a shallow groove, the ventral 
jimire. The central canal becomes compressed laterally, and 
is later completely surrounded by neuroblasts (gray matter), 
the outgrowths of which form a superficial layer known as the 
white matter of the cord (Fig. 43). 

2. The Peripheral Nervoits System 

We should recall in a few words the morphological arrange- 
ment of the spinal and cranial nerves. The spinal nerves, of 
which there are but ten pairs in the adult, although in the tad- 
pole upward of forty pairs, arise from the cord by a dorsal or 
afferent root, on which is located the spinal ganglion, and a 
ventral or efferent root. These roots join to form the tnmk of 
the spinal nerve which is then divided into dorsal and ventral 
rami and a ramus communicans which passes to the sympa- 
thetic system (Fig. 46). Of the cranial nerves, connected 
with the brain, there are commonly described ten pairs, con- 
siderably varied in morphological, as well as in functional, 
characteristics. Those regarded as the most typical are pri- 
^J^y related with the gill clefts and are therefore known as the 
^nchiomeric nerves; these are the V, VII, IX, and X. Each 
of these arises by a single, though in some cases compound, 
loot of mixed character, i.e., aflferent and eflferent, passes into 
a large ganglion, beyond which it gives off a horizontal branch, 
Wid then divides into two branches which pass anteriorly and 
posteriorly to the gill cleft with which the nerve is associated. 
The III, IV, and VI cranial nerves are simple, purely eflferent, 
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supplying the muscles of the eye-ball. The development of the 
nerves commonly described as I and II ^^ill be considered in 
connection with the development of the olfactory and optic 
sense organs. 

Embryologically the rudiments of the cranial nerves are com- 
posite struct lu-es, three elements entering into their formation. 
These are, (a) cell masses derived from the neural crests, Q>) 
cells from ectodermal patches on the surface of the head, (c) 
cell processes extending out from neuroblasts in the ventro- 
lateral walls of the spinal cord. In the spinal nerves the ele- 
ments from the surface ectoderm are lacking. 

A. THE CRANIAL NERVES 

The rudiments of certain of the cranial nerves appear very 
early, and we may therefore describe them first although they 
are more complicated than the later appearing spinal nerves. 
While the central nervous system is still in the form of a flat plate 
we have already seen that its margin is considerably thickened, 
on account of the proliferation of the cells of the inner or ner- 
vous layer there. These thickened margins are visible on the 
surface of the embryo as the medullary ridges. Transverse 
sections of this stage (Fig. 44) show that these thickened masses 
of inner ectoderm become delaminated, both from the outer 
stratum of ectoderm and from the medial portion of the medul- 
lary plate which then goes to form the neural tube proper. 
These lateral cell masses are the beginnings of the neural crests. 
In the head region these masses become very large, and as the 
neural plate begins to close each becomes transversely divided 
into three masses. Posteriorly to the brain region the neural 
crests are much smaller, but are typically formed. As the 
neural tube closes these cell masses are left in situ along thft 
sides of the brain and cord (Corning, Brachet). 

The three divisions of the head portion of each crest soon 
become quite distinct. The anterior section, which begins in 
the mid-brain region, is to l)e recognized as the rudiment of the 
trigeminal ganglion (V nerve), the middle section as the rudi- 
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ment of the acustico-facialis ganglion (VIII and VII nerves), 
and the posterior as the rudiment of the ganglion of the glosso- 




1 



Fig. 44. — Sectiona through young frog embryos (A. futca), illustratinc tba 
^tlopment at the creat gnaglia and placodes. After Brochet. A. Transversa 
■tclioi] through the DGurBl plate of an embryo before eloogation begins. B, 
^ttal section, to one side of the mid-hoe, through an embryo of the fame tg« 
M A. (Thia is also the stage of Fig. 32, G.) C. Sagittal section, to one aide ot 
th mid-line, through an embryo juat beginniog to elongate. D. Transverse 
■Klion through an embryo slightly older than that of A and B. E. Frontal 
■Mtion through an embryo with three or four pairs of mesodermal somites. 
f.G.H. Three transverse eoctiona through an embryo just beginning to elongate 
wnf age as C), showing the trigeminal, acuatico-facial and gloMopharyngeal- 
'■tni crest ganglia, a/. Acustico-Cacialis ganglion; c. notorhord; en, endoderm; 
t, rit cavity : ifi. ^OBSopharyogeal ganglion; ffc, glossopharyogeal- vagus ganglion; 
'■liT(r diverticulum; m, mesoderm; mp, primitive medullary plate; mpd, defini- 
te medullary plate; nc. neural creat; t, mesodermal somites; tg, trigeminal 
tuilian; h, vagua (pneum agastric) gaoglioo. 

pharyngeal (IX) and vagus (X) ner\'es. The delamination of 
these rudunents from the medullary plate is not quite complete, 
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and when the neural tube is fully formed, each may be seen to 
be connected with the dorsal surface of the myelencephalon 
by a slender cham of cells (Fig. 45). 

Opposite each of these crest ganglia the cells of the inner or 
nervous layer of the ectoderm very early (stage with 3-4 
somites) proliferate and form a patch, in places three or four 
cells deep (Fig. 45). These thickened patches are known as 
placodes: they are undoubtedly to be interpreted as vesti^al 
sense organs. In each placode two separate elements are 
distinguishable, a superficial sensory element, which usually 
disappears (the exceptions will be noted below), and a deeper 
ganglionic portion which is usually retained to a varjring extent. 
The ganglionic portion of the placode t)rpically fuses with the 
cells of the associated crest ganglion, and together they form 
the rudiment of the chief sensory or afferent components of 
the cranial ner\'e. From this point onward we may describe 
separately the history of the chief cranial nerves. (Reference 
is unavoidably made to the visceral arches and clefts whose d^ 
velopment must be described later, in connection with the 
history of the pharv-nx). 

The Trigeminal Xerve {V). — ^This is the chief ner\'e of the 
mouth and mandibular arch. The trigeminal portion of tb€ 
neural crest is very large, extending from the eye to the hyo 
mandibular cleft (Fig. 44, C, E, F). The crest ganglion gto'Wi 
downward and comes ventrallv into contact with the mesodenx 
of the mandibular arch. These ectodermal and mesodennaJ 
cell groups then fuse, cells of the apposed surfaces intermingling, 
and finallv a cell mass is formed in which the two elements are 
indistinguishable; this becomes the mesenchyme of the man- 
dibular arch (Fig. 45, A. B^. 

The dorsal and superficial cells of the crest ganglion retain 
their ner\*ous character and come into relation with the hip 
placode of this region. The superficial or sensory portion of 
this placode disappears, but its deej^er or ganglionic portion 
enlarges and di\'ides into two parts. An anterior part separates 
from the surface ectoderm as the ophthalmic ganglion of th6 
ophihalmic branch of the V nerve, whose fibers grow out ante- 
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^0. 45. — PoHioDB of sectfoDB through the head oT the froit (R. /lu. 
jMliiic th« foTmatioa of the placodes and the history of the crest gaDfli. 
''Kliet. A. Tranaverae aection through the trigeminal HBORlioii of ai 
V X mm. B. TraDBverae aection throufih the acuBtico-fariollB gangli 
*°1x7a with three or tour pairs of meBoderma] somites. C Transven 
'■'onch the facial ganglion and auditory placode of an embryo of 
■i inner or nervoua layer of ectoderm; en, endoderm; ea, outer layer of e 
•• mefoderm ; mpd, definitive medullary plate; n, nerve cord; pa, audi 
*^;r/. facial placode; p(ff, trigeminal placode; r.apinalprolongatii 
Vi trigeminal ganglioD- 



>), iUui- 

After 



etoderm ; 
gaoflioQi 
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riorly, through the dorsal head region, and also medially con 
necting with the medulla. The posterior part of the placod 
ganglion then fuses with the crest ganglion and together the; 
form the trigeminal ganglion proper {Gasserian ganglion) 
From the neuroblasts of this ganglion, cell processes extent 
centripetally, entering the dorsal side of the medulla and form 
ing the sensory root of the V nerve, while centrifugal processe 
rapidly grow out to the surface of the head {cutaneous branch o 
the V nerve), and also in front of and behind the moutl 
(mandibular and maxillary branches). These branches, a 
indeed those of most of the other branchiomeric nerves a 
well, are established before the time of the opening of the mouth 
The cells which formed the original attachment of the cres 
ganglion with the medulla, appear to form the medullary sheati 
cells of the root of this nerve, while the sheaths of the periphera 
branches are apparently derived from other migratory cells o; 
the crest ganglion itself. 

The Facial and Auditory Nerves {VII and VIII). — It is con- 
venient to describe these together, since both are derived from 
the acustico-facialis crest ganglion and its associated placode 
The VII nerve is the nerve of the hyo-mandibular cleft, whil( 
the VIII nerve is not one of the branchiomeric series, but ii 
purely sensory (auditory). 

The early history of these nerves is similar to that of V; thi 
major part of the crest ganglion contributes to the mesenchjmw 
of the hyoid arch. The nervous part of the crest ganglion i 
somewhat more extensive than that of the V nerve, i.e., a greatei 
part of the original ganglion remains of nervous function. 
The first important distinctive character here, consists in the 
fact that the sensory or superficial part of the placode does not 
disappear, but, continuing to enlarge, gradually sinks below the 
surface of the head, invaginates, and forms the rudiment oi 
the ear, the auditory sac (Fig. 45, C). The deeper placode 
ganglion cells in connection with this sensory epithelium remain 
in close contact with the sac forming the rudiment of the VH 
nerve. From the neuroblasts of this rudiment processes gro"^ 
into the medulla forming the root of the VIII nerve. 
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The remainder of the placode ganglion joins with the nervous 
portion of the crest ganglion, forming the ganglion of the VII 
nerve, from which centripetal processes grow out connecting 
the ganglion with the medulla, while centrifugal processes 
extend into the hyoid arch and neighboring regions (hyoman- 
dibular and palatine nerves) . 

The Glossopharyngeal and Vagus (Pneumogastric) Nerves 
[IX and X). — ^These are the nerves of the remaining visceral 
clefts, the first to fourth branchial clefts (third to sixth visceral 
arches). The IX nerve is limited to the region of the first 
branchial cleft, while the X nerve is distributed around the 
remaining gUl clefts, and is to be regarded as a compound nerve, 
equivalent to several branchiomeric nerves. The crest gang- 
lion of these nerves forms the large posterior section of the 
crest in the head region (Fig. 44, E, H). Essentially it resem- 
bles that of V; it rapidly grows very large, extends farther 
ventrally and posteriorly, and contributes to the formation of 
mesenchyme to a considerably less extent than the ganglion of 
the V nerve. The placode of the IX nerve develops typically; 
its superficial sensory portion disappears, while its ganglionic 
portion comes only slightly into relation with the crest ganglion. 
Posterior to this, the large placode of the X nerve appears simul- 
taneously and has a similar early history, save that it fuses 
more extensively with the nervous portion of the crest ganglion. 
When the fibers grow out from the IX and X ganglia they pass 
together into the medulla as a single root. The IX ganglion 
is only incompletely separated from that of X by the passage 
of the anterior cardinal vein (see below). From the IX por- 
tion of the ganglion, which is thus almost wholly placodal in 
origin, fibers grow peripherally into the usual relation with the 
first branchial cleft, while from the mixed ganglion of the X 
^erve, branches grow out with typical relations to all the remain- 
ing clefts. 

From the vagus ganglion certain other important processes 
grow out posteriorly. From the placode a considerable tongue 
of cells grows posteriorly, forming the rudiment of the sense 
^gans of the lateral line (see below), and accompanying this, 
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fibers grow out from the ganglion as the rudiment of the k 
line nerves (Fig. 53) , this branch is present throughout the 
pole stage but disappears at metamorphosis. The vagus { 
lion also sends out processes which grow posteriorly, tc 
thoracic and abdominal viscera; these form the visceral 6i 
of the X nerve. 

The branchiomeric cranial nerves include, beside the aff< 
or sensory components, whose development has just been 
lined, efferent or motor fibers in varying numbers. Thes 
not arise by a morphologically separate root, but neurot 
in the wall of the medulla send out processes (axons), ^ 
leave the cord in association with the afferent roots descj 
above. They are distributed with the branches which 
posterior to the gill clefts. 

The development of the III, IV, and VI cranial nerv 
incompletely known. They form, comparatively late, as 
growths of neuroblasts located in the ventral parts of the : 
ulla. These processes extend through the mesenchyme o 
head into the orbit and innervate the muscles attached U 
eye-ball. The III nerve is the first to appear (Held) at a 
when 8-9 somites are present (5-6 mm.). 

B. THE SPINAL NERVES 

The spinal nerves differ from the cranial nerves in 
important respects: (a) they are related primarily with 
mesodermal somites instead of the visceral clefts, and (6) 1 
are no placodal elements connected wdth them. 

The neural crests continue from the head region as r 
smaller strands of cells; these become broken into segn 
which are the rudiments of the spinal ganglia. From the 
roblasts of each ganglion, cell processes grow out, some cen 
etally into the cord, forming the dorsal root of the spinal n^ 
others centrifugally, forming the peripheral afferent fibers w 
are distributed chiefly to the skin and other sensory suri 
(Fig. 46). The ventral root of the spinal nerve is formed by 
growths (axons) from neuroblasts in the ventral side of the c 
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They first appear in the anterior part of the body in the larva 
of about 4 mm. As they grow outward they meet the dorsal 
root, just beyond the ganglion, and pass thence in part to the 
mesodermsl myotomes, and in part 
are distributed with the sympathetic 
system. The two most anterior 
myotomes are without spinal nerves; 
these are occipital in position and 
later disappear. 

C. THE SYMPATHETIC SYSTEM 

The development of the sympa- 
thetic system is very imperfectly 
bown in the frog. The first defi- 
nite indication of it appears in the 
embryo of about 6 mm., as slight 
collections of cells on the spinal 
aerves about the level of the dorsal 
Wrta. From what is known here 
and to be inferred from the condi- 
tions in other lower vertebrates, it 
may be said that these cell groups 
Me composed of elements from the 
spinal ganglia and certain of the 
posterior cranial ganglia. These . ^'°\ ^^rz 

„ . , ?, ,. . through 8.e 

cells, COmmg from tne ganglia, mi- tacuUnta. iUustrating the rela- 

gmte ventro-medially.and form ^ ':°SJJ"J',:''m;^^^SI 

pair of longitudinal sympalhelic cords <^ Doraol aorta; c. epiaal cord; 
, ., ., ( .L J 1 . <(, dorani (senHory, afferent) root 

along the sides of the dorsal aorta of Hpioal nerve; m. myotome; 

(Fig. 46). From the cells of these ^^^^^°^^^\ ^ Xuce'orf- 
wrda processes appear to grow back »o, Bpinai' ganglion; »n, spinJ 
to the spinal ganglia forming the "ff^^^'^;"^^! ^ ,^p "J^^Jr"^"^^^^ 
Wmi communicantes, and also pe- 
ripherally to the visceral organs and surfaces. Along the 
paths thus marked out fibers grow out from other spinal gang- 
lioB cells, and quite likely other cells migrate from the cord 
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forming additional sympathetic elements. From the sympa- 
thetic cords, cells also migrate peripherally, forming the per- 
ipheral sympathetic ganglia in connection with the great blood 
vessels and the thoracic and abdominal viscera. The ganglion 
of the III cranial nerve is also sympathetic in character, but 
its origin is uncertain in the frog, as ia also the origin of the sym- 
pathetic fibers of the head region in general. 

IL THE SPECIAL SENSE ORGANS 

1. The Eye 

In the preceding chapter we described the earliest traces of 

the eyes. These consist of a pair of patches in the superficial 

ectoderm of the medullary plate, before this has begun to fold 




of an ombryQ of R. pali 

From Froripp (HerlwiB'fl Handbuch, 

rn, eododprm; ep, ectoderm (epidt 



throuKh the anterior part of the medullary plate 

rhich the medullaiy ridtt«B are just formint. 

), af tpr Eycleshymer. au. Optic sroovea; 

i); mtd, medullary plate; ma, mesodenn. 



together. The cells of these patches are distinguished by their 
comparatively large size and by the "presence of pigment in 
their outer ends (Fig. 47). WTien the medullary plate folds 
into a tube these patches are carried inward and are left toward 
the antero-ventral border of the fore-brain (telencephalon). 
Then* pigment then gradually disappears, but it is clear that 
their originally free ends now border the cavity of the brain. 
Before the brain folds have entirely closed together, the regions 
surrounding and including these patches have already evag- 
inated and formed the pair of oplic stalks and vesicles extending 
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quite to the surface of the head. The cavities of these struc- 
tures are contmuous with the brain cavity (third ventricle), 
BO that the relation of the optic cells to the optic vesicle is the 
same as to the original cavity of the brain, and the free surfaces 
of these cells are now turned away from the surface of the 
head; the true optic cells form the most distal part of the optic 
vesicle. 

The sensory, or recipient, and the nervous elements of the 
eye (retina and optic nerve fibers), originally on the surface of 
the head, are the essetitial parts of the eye; they now form the 
optic vesicles, and are to be distinguished from the various 
accessory parts (the choroid and sclerotic coats, the aqueous 




fn. 48. — FroDtat wctiou through the fore-braiD and optio vesicle of so em- 
Ifyo of R. ftuca, in which the toil ia juat growing out. From Voq KupHer 
(Bertwjg'i Hsodbuch, elc.). a. Optic vesicle; as, openiiiE of optic stalk out of 
'•m-brtin; J, poaterior wall of iDJundibuluro; I, rudiment of lens (placode); 
'*! "ill i4 pToaencephalon; r, Tudimeot of olfactory organ. 



wd vitreous humors, and the cornea), which are derived 
chiefly from the mesoderm (mesenchyme) of the region, and 
from the ectoderm outside of the optic vesicle (lens and cornea, 
in part). 

Upon reaching the surface of the head the optic vesicle is 
wnverted into the optic cup. The peripheral part of the ves- 
wle becomes flat and then folds into the proximal part, forming 
* roughly hemispherical, two-layered cup, obliterating the 
wiginal cavity of the optic vesicle and establishing a new 
t>vity (Figs. 49, 50). The extent of the optic cup is increased 
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immediately by the outgrowth of its free margin, which 
gradually draws partially together, leaving a small opening 
toward the surface of the head ; this is the rudiment of the pupU. 
In the optic cup then we distinguish an inner and an outer layer, 
and a central cavity; these are respectively, the rudiments of 
the true retinal layer, the pigment layer, and the posterior 
chamber of the eye. 

During tlie growth and invagination of the optic cup the op- 
tic stalk remains attached to its ventral side, so that the retinal 
layer of the cup is continuous with 
the lower side of the optic stalk 
(Fig. 49). The infolding of the 
retinal layer is not a simple in- 
vagination, but, owing to this ven- 
tral attachment of the optic stalk, 
the infold is continued as a groove 
from the middle of the vesicle to 
the ventral border of the cup 
where it joins the stalk. This 
groove remains narrowly open for 
a time and is known as the choroid 

Biaik o( the frog. /, Choroid fis- dilatation of its Upper end in the 

Bure; (. lena; pc. posterior ohamber . , „ , , ^^. inn\ 

of eye: pl. outer or piamenWd middle of the CUp (FlgS. 49, 128). 

layer of optic <-up;r(. inner or reti- ^hat part of the CUp OppOSite the 

nal liiyer of optic cup; «, optic r f ff 

stnik; F, original cavity of optio pupil is referred to as the funditt 
^^'''''^- region. 

"While the vesicle is invaginating the rudiment of the Urnia 
formed as a thickening of the ectoderm opposite the pupillary 
region (Figs. 48, 50). This thickening involves only the deeper 
or nervous layer of the ectoderm and is, in all essential respects, 
similar to the ganglionic portion of the ectodermal placodes 
described in connection witli the cranial nerves. This lent 
placode is immediately anterior to the placode of the V cranial 
nerve. By the time of hatching this forms a prominent rounded, 
thickening, which is cut off from the ectoderm as a solid. 
"xiidal cell mass (Fig. 50). After hollowing out internally 





Flo, 50. — The development of the eye in the L'rodcie, Siredon pinnformu. 
''iwRabl. A. Of emhryo with about iwenty-fivo pairs of somit™, showing the 
lhir<keiui]jt of the lens ni(iiaient. B. lavagiQatioa of the leoa and formalioD 
'''ibeoptiir eup. C. Lena seporn ling from Ihp supcrfirial ectoderm in an embryo 
"''luatthirty-fiTe pairs of soniitea. D. Thif^keninR of the inner wall of the lens. 
f ShorlJy before hatching: differentiation of tlie rods and ronrs in the retinal 
I'ifr. o, Anteriorchnmber of eye; c, cavity of primary optic vesicle: <». cornea; 
' trloderm of head; /, choroid liiHure; i. inner or retinal layer of optic cup; 
'< nidlDierii of iris: li. optic siulk; I, leoa: o, out«r or pigmcutttcl layer of optio 
, '^b: t. poeterior chamber of eye. 
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it again becomes solid through the elongation of the cells of its 
inner side: the outer side remains as a thin epithelial layer over 
the distal surface of the solid lens. When the pupil begins to 
narrow the lens moves into the opening and finally remains 
included just within it, in the cavity of the optic cup. (In 
other vertebrates, except the Teleosts, the lens forms as a hollow 
vesicle resulting from an invagination of the surface ectoderm.) 

After hatching the cells of the optic cup layers begin to 
differentiate into the histological elements characteristic of the 
adult eye. The outer layer becomes very thin and pigmented, 
while in the thick inner layer the characteristic cell layers of 
the retina appear (Fig. 50, D, J^). The cells in contact with 
the pigment layer gradually differentiate as the rods and cones; 
this process begins in the fimdus region and spreads thence to 
the more peripheral regions of the retina. Other cells of the 
retina are neuroblasts and send out nerve processes; those from 
the cells bordering the cavity of the optic cup (posterior 
chamber) grow down, by way of the margins of the choroid 
fissure, to the optic stalk. Entering the ventral and posterior 
sides of this, they pass thence to the ventral wall of the fore- 
brain, forming there the optic chiasma and optic thalami. The 
cavity of the optic stalk is finally obliterated by the collection 
of these fibers; in the brain the optic recess marks the region 
of its original opening (Figs. 41, 42, 43). The component cells 
of the stalk become largely non-nervous, forming the sup- 
porting neuroglia cells. The optic stalks are commonly known 
as the II pair of cranial nerves, but it is evident from their 
development that they are tracts of the brain, without any 
similarities to the true cranial nerves. 

The eye develops very slowly during the larval period after 
hatching, but at the time of metamorphosis it is rapidly per- 
fected. The details in the later development are not very welL 
known. The rudiment of the vitreous body, occupying the 
posterior chamber of the eye, is of mixed origin, althougti 
purely ectodermal. It arises from outgrowths of cells frona 
the inner surface of the lens placode and also from the retinatl 
layer of the cuj). These elements intermingle and form tkc 
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stroma of the vitreous humor or body. In its essential com- 
position it thus resembles a typical cranial nerve ganglion which 
is derived from placode cells and neural crest ; of course, in this 
region, the neural crest is not typically present, but the retinal 
cells have somewhat similar relations to the neural tube proper. 
A day or two before hatching the choroid fissure of the optic 
cup begins to close, first in the fimdus region. Blood vessels 
have already entered the posterior chamber and the margins of 
the fissiure embrace these. The region last to fuse, at the 
margin of the cup, becomes enlarged as the ventral choroid 
knot, and from this the iris develops, gradually extending 
dorsally aroimd the outer side of the pupil. The cornea and 
outer coats of the eye-ball, as well as muscles are formed 
from the mesenchyme around the optic cup. 

2. The Ear 

Like the eye this organ is a complex, derived from diverse 
sources; the essential parts, composing the membranous laby- 
rinth, are derived from the ectoderm of the surface of the head, 
while the accessory parts, tubo-tympanic cavity and columella, 
are of endodermal and mesodermal origin. We shall describe 
first the formation of the membranous labyrinth or internal 
ear. 

We have already mentioned the first formation of the auditory 
organ as the auditory placode, which appears just as. the neural 
folds close together (Fig. 45, C). As the embryo begins to 
elongate each of these placodes becomes depressed below the 
surface of the head and invaginates, forming the ovoid auditory 
wc or otocyst, about 0.2 mm. in diameter (Fig. 51, A). For 
a time this remains connected with the surface of the head by a 
liarrow tube of cells, but just before hatching it becomes com- 
pletely closed and separates entirely from the surface ectoderm, 
sinking in toward the lateral surface of the myelencephalon 
(Fig. 51, B). The superficial layer of the ectoderm does not 
share in the formation of the auditory sac but remains con- 
tiiiued across the surface of the head outside the invaginating 
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Fia. 61. — The devetopnieat of the auditory orgsn in the frog sod tomd. 
B, F. after Krauae; C. D. E. alter Villy. A. Section throuRh the audl^ 
vesirlc of an emiiryo just begiiiiiiDg to elocnate. B, Bertton throuBh the ■ 
tory vesirle that has very nearly separated from the' superficial ectoderm. 
Traoaverse acction. nonicwfaat oblique, through the auditory organi of a 12 1 
A. lemporaria, D. Slightly more advanced atagc than C, E, Section tfan 
the auditory orRans of a 25 mm. R. temporaria. F. Membranomi Isbyrint 
the toad (flii/o rulgaritj. a. Auditory sac; aa, anlerior ampulla; ac, aiit4 
vertical acmicircular canal: h. para haitilariB; d. dorsal outKrowth of piimi 
auditory vesicle [rudiment of endolyniphatic ducti ; r, endolymphatic d 
0, ganstion of auditory (VIII) acrvc; Ac. horiionlal semicircular canal; I, lai 
or corhlea; pa, posterior ampulla; pc. posterior vertical semicirculai ca 
*, aacculei la, sinus superior; u, utricle; VIII, auditory nerve. 
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auditory epithelium. The wall of the auditory sac is only one 
cell in thickness, except in its medio-ventral region where the 
ganglionic portion of the placode is located. A small finger- 
like outgrowth of the sac extends a short distance dorsally, from 
its medio-dorsal region: this is the rudiment of the endolym- 
'photic duct. From this condition the auditory sac changes very 
little until after the opening of the mouth (10-12 mm.) when it 
continues its development. 

The next differentiations of the auditory sac result from the 
formation of various ridges and septa extending into its cavity 
(Fig. 51, C, D, E). The first of these appears obliquely along 
the outer and posterior walls of the sac, and finally divides the 
otocyst into two regions, an inner and upper part, known as 
the utncUj and a lower and outer part, the saccule; these two 
divisions remain connected by a small perforation in the septum. 
The endolymphatic duct is connected with a dorsal extension 
of the saccule, while from the utricle the three semicircular 
canals grow out. These canals are formed first by the growth 
of couples of ridges into the cavity of the utricle, approximately 
in the relative positions of the future canals; the couples meet 
and fuse save at their ends, so that the cavities enclosed by them 
open directly into the utricle. Each rudiment then begins to 
enlarge and pushes above the surface of the utricle, first as a 
ridge, which becomes plate-like and then tunneled between 
the canal and the wall of the utricle. The posterior canal is 
formed somewhat later than the anterior and the horizontal 
canals. The ampullae are added to the canals by additional con- 
strictions of the wall of the utricle. 

Shortly after the appearance of the semicircular canals, the 
saccule commences to differentiate. First there appears a 
postero-ventral outpocketing, the rudiment of the lagena or 
cochlea, which forms a simple sac of considerable size. Tlien 
posteriorly to this appears a second ventral extension, the 
^wtTar chamber (pars basilaris). 

Upon the division of the auditory sac into utricle and saccule, 
the endolymphatic duct remained in connection with the latter. 
The duct slowly elongates dorsally, along the surface of the 
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hind-brain, on the dorsal side of which its tip forms an expan- 
sion known as the endolymphatic sac. These sacs enlarge very 
considerably, fuse together, and finally, after metamorphosis, 
form a vascular structure, covering a large portion of the roof 
and sides of the myelencephalon: they remain throughout 
life, connecting with the saccule by the narrow endoljnnph- 
atic ducts which pass through openings in the walls of the 
auditory capsules (Fig. 51, F). 

The epithelial lining of the membranous labyrinth becomes 
truly sensory only in certain patches with which fibers of the 
VIII cranial nerve are related. These patches are located 
in the cochlea (3), utricle (1), saccule (1), and the ampiidke 
(3). The perilymph and the cartilaginous and bony labyrinths 
are laid down around the membranous labyrinth by the sur- 
rounding mesenchyme. 

The parts of the middle ear develop relatively late and are 
not well differentiated until after metamorphosis. As in 
other vertebrates the tubo-tympanic cavity is a derivative of 
the pharynx, more precisely of the region of the first gill pouch 
(the spiracular pouch, between the hyoid and mandibular 
arches; see below). In the frog this gill pouch is vestigial: 
it is never perforated, indeed does not contain a cavity, and is 
represented only by a fold of the endodermal wall of the 
pharynx which does not quite reach to the surface ectoderm. 
From the dorsal end of this vestige a rod of cells grows out and 
terminates as a solid knob, beneath the eye (Fig. 57). During 
metamorphosis spaces appear in this rod and in the terminal 
knob, and it moves back into the region of the ear, losing its 
connection with the pliarynx. After metamorphosis it ac- 
quires a secondary connection with the pharynx, and its distal 
portion enlarges very considerably, occupying the space be- 
tween the ear and the integument of the side of the head: 
the integument here later becomes the tympanic membrane, 
the exj)anded cavity is the tympanic cavity, and the narrow 
connection with the pharynx is the Eustachian tube. 

In the adult the auditory capsule and the tympanic mem- 
brane are connected by a rod, the columella, extending across 
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the tympanic cavity. This is the last part of the auditory 
apparatus to be formed. Its imier end is formed as a cartilage 
(the operculum) appearing in the tissue plugging the large 
foramen ovale in the outer side of the cartilaginous auditory 
capsule. From this region another cartilage, the plectrum, 
differentiates, toward the close of metamorphosis, along the 
dorsal wall of the tympanic cavity, finally extending to the 
tynapanic membrane where it connects with a ring-Hke cartilage 
developed from the palato-quadrate cartilage (see below). The 
elements of the columella are thus not genetically related with 
the visceral skeleton (palato-quadrate cartilage). While the 
opercular part of the columella is becoming chondrified, the 
tjrmpanic cavity extends dorsally and finally surrounds it 
completely, leaving it Ln its definitive position crossing the 
tympanic cavity. 



3. The Olfactory Organ 

The olfactory organs appear very early, before the brain 
closes, as a pair of ectodermal thickenings either side of the 
head, above and anterior to the future mouth region. Only 
the deeper nervous layer of the ectoderm is involved in the 
thickening, and the superficial layer disappears here, leaving 
only its pigment scattered among the remaining cells. These 
thickenings are immediately anterior to the lens placodes 
and may be termed the olfactory placodes (Fig. 52, A): these 
appear to have no relation to the median anterior ectodermal 
thickening which is present at this time. These placodes 
soon fold inward forming simple olfactory pits, the rudiments 
of the true olfactory cavities, their walls becoming the olfactory 
epithelium (Fig. 52, B). A few cells detach from the inner 
surface of the olfactory placode and mingle with cells derived 
from the surface of the telencephalon: these appear to be 
equivalent to the crest ganglion, and from them are formed, 
apparently, the sheath cells of the true olfactory nerve fibers, 
which are outgrowths of the sensory cells of the olfactory 
placode. 
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Fia, 52. — The development of the olfactory organ in R. futea. After HiD>> 
berft. A, B, (', Seotions throunh the oltao lory groove andornan of Slum., 6 mm., 
and 11 mm. larvie, reapectivcly. D. Lateral view of a model of the iMaeWiJ 
oraan of a 31 mm. larva. The dotted line marks the limit between the seoaoiT' 
and non-sensory portions of Ihe epithelial lining of the olfactory cavities. C 
Xolorhord: ch, internal narcs (chuanir); li. domal lumen; dr. dorsal sac: en. ex- 
ternal naren: g, olractor>- Rronve; i. cut edge of integument; in, internal niRS 
(choanir) ; (, elongation toward (he mouth: 'a. lateral appendix: m, mouth csvity; 
n. inner or nervoiui tayer of ectoderm ; nt. part of chamber lined with noiWWDKiiy 
eiulhelium; p, olfactory placode: r. ridge marking the limit between middle and 
ventral chamhcm; «, xuperlicial layer of ectoderm; »c, part of chamber lined with 
sensory epithelium; nt, stomodieum; t. telencephalon ; i>, thickened bands otsupn^ 
ficial ectoderm cells (possibly the vestige of a primitive scnae organ) ; re, ventral 
Nie: rg, ventral nasal glanil altached to Jacobsoii's organ; z, elevation krouad 
external nares: v, canal leading to olfactory cavity: '> fold around internal naii*! 
opening. 



THE LATER DEVELOPMENT OF THE FROG 155 

About the time of hatching (6 mm.) a thick strand of cells 
extends from each olfactory pit to the roof of the pharynx 
just within the limit of the stomodaum (Fig. 52, B). Later 
(9-12 nmi.) each strand acquires a lumen which opens into the 
olfactory sac, and also into the pharynx as the internal nares 
or choamB (Fig. 52, C). 

The extent of the olfactory cavity is increased by a cavity 
formed in a dorsal cell proliferation of the olfactory epithelium. 
This region soon forms a separate dorso-lateral lobe which 
disappears entirely during metamorphosis. 

The surface of the head pushes out above the olfactory sac so 
that the duct leading to it is considerably elongated, and mean- 
while, on account of the enlargement of the fore-brain and the 
formation of the cartilage of the skull in this region, the 
openings of the olfactory tubes or external nares are carried to 
the dorsal side of the head, so that the entire olfactory organ 
extends along a straight perpendicular axis (Fig. 52, D). 

During metamorphosis the olfactory organ becomes con- 
aderably complicated by the appearance of various foldings 
and out-pocketings of its walls, and by a sharp flexure of its 
axis. We may mention only the more important of these 
outgrowths. The first is an extension from the ventral side 
of the olfactory chamber; here a solid mass of cells prolifer- 
ates, acquires a cavity, and, enlarging rapidly, turns trans- 
versely toward the medial side. This is the rudiment of 
Jdccbson^s organ; a large glandular mass develops upon its 
medial end. Other outgrowths are formed from parts of the 
olfactory sac that are non-nervous, i.e., lined with indifferent 
cells. One of these appears opposite Jacobson's organ and soon 
becomes a large sac whose cavity is added to the olfactory 
chamber. Another appears anteriorly at the base of the 
olfactory duct; this receives the ducts of the lachrymal glands. 
Uter a dorsal sac grows out from the medial and posterior 
walls of the tube. During late metamorphosis the axis of the 
olfactory organ is sharply bent on account of the posterior 
shifting of the internal nares. In addition to the glands of 
Jacobson's organ, other glands appear as outgrowths of the 
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olfactory chamber and in the posterior wall of the internal 
nares. 

4. The Sense Organs of the LcUeral Line 

As mentioned above, the sense organs of the lateral line 
are derived from the placode of the X cranial nerve, and are 
innervated by the ramus lateralis of this nerve. When the 
embryo has elongated to about 4 mm. a small dorso-lateral 
section of the vagus ganglion separates from the remainder 
(Fig. 53, A J B) remaining closely in relation with the ecto- 
dermal placode (Harrison). The placode now begins to 
elongate posteriorly; the deeper cells multiply rapidly and 
form a long narrow tongue which pushes along through the 
epidermis just outside the basement membrane (Fig. 53, C). 
Finally, just before hatching, it reaches to the tip of the tail. 
Differentiation of this cord progresses posteriorly commencing 
in the older anterior part. The cells become grouped at inter- 
vals, each group representing the rudiment of a sense organ 
of the lateral line. In each rudiment a few central cells be- 
come sensory and are surrounded by a layer of enveloping 
cells (Fig. 53, D), These groups push up through the epidermal 
layer to the surface of the body, and the sensory cells develop 
halr-proccsses. 

As the placodal rudiment grows posteriorly it is accompanied 
by outgrowtlis (axons) from neuroblasts of the dorso-lateral 
portion of the vagus crest ganglion. These processes lie within 
the basement membrane of the epidermis, but when the defi- 
nite sense organs develop the nerve fibers pass up among the 
sensory cells. The cells forming the medullary sheaths of 
these fibers appear to wander along the fibers from the vagus 
ganglion. 

Similar series of integumentary sense organs are formed in 
definite rows on the head, and dorsally from the lateral line; 
these are mnorvated by branches of the VII, IX, and X nerves. 
The VIII nerve and the auditory organ also belong in this 
group of sense organs. At metamorphosis they all disappear 
save the aqditory organ and nerve. 
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ilnpniEnl ol the lateral line oreaDH in R. tyhtuira. Alter 

-., .' Q frontal soption through the level of the notorhord of a 

■'3 nm. embryo. B. Part of a iranaversc soctioD through the vagus rcgioii of a 
bryo. C. Part of a troutsl section throuKh a 4 mm. embryo of H. 
D. Section through the lateral line orgoa of a 15.5 mm. larva of 
•v'ntrioa. a. Auditory voaiolo (in A, ita rudimeut); 6, bBsemeiit membrane 
"indemiia; ch. notorhord; g, gut; gV, triKeminal Banslioii. of V cranial nerve; 
///. Mouatic ganglion of VIII cranial nerve: gX, vagin ganglion: p.V'. ganiilioa 
'hv lBE«ra] nnrvo (braneh of the vasua): i. intfirBegmental thickeniiisa of tha 
^Imni* (prtoderm) ; I. rudiment of lateral line nerve; tp, lateral plati- of mrao- 
'III; nit. myotomea: n, inner or nervous layer of epidermis (eeloderm); ne, 
'•■r cord: ii. pJRment in epidermis; a. superficial layer of epidermis (ectoderm); 
iiiiier sheath cells of lateral line organ: an, sensory oells o( lateral line organ; 
'->ut«r sheMth cells of lateral line organ. 
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in. THE ALIMENTARY TRACT AND ITS APPENDAGES 

In the preceding cliapter we described the formation of the 
enteron or gut cavity and its development up to the time the 
embryo is just beginning to elongate (Fig. 37). We have de- 
scribed, therefore, the formation of the fore-, mid-, and hind- 
gut and liave seen that up to this time the chief differen- 
tiations are connected with the fore-gut. After the mesodenn 
and the notochord have been split off from the endoderm, the 
wall of the enteron is but one cell layer in thickness, excepting 
the floor of the mid-gut which is occupied by the large yolk- 
mass. The hind- and mid-gut cavities are narrow, while the 
fore-gut expands widely in front of the yolk-mass, and in con- 
nection with it we have described the first indications of the 
mouth region, of two or three visceral pouches, and of the 
liver. 

We may proceed now to outline the further development 
of each section of the alimentary tract. Before taking up the 
history of the fore-gut we must notice the development of 
certain structures associated with the mouth. 

The stomodcenm has already been mentioned as a shallow 
median depression of the head, just below the olfactory and 
fore-brain region. At hatching this is still rather shallow, but^ 
its floor has come into contact with the wall of the enteron , 
establishing a fusion known as the oral plate (Figs. 57, 58, A) , 
for this is the region where the mouth forms a few days after 
hatching (9-10 mm.). In the older larva) the inner bound- 
ary of the stomocteal region is marked by the internal nares or 
clioanae, wliicli lie just within the boundary between ecto- 
dermal and endodermal territory. The formation of the oral 
sucker, just below the stomoda?al hivagination (Fig. 57), was 
described in the j)rcvious cliapter. 

The margins of the stomodaeum are at first formed chiefly by 
the mandibular ridges, but soon the integument above these 
becomes drawn out in the form of lips. The mouth itself 
remains small in the tadpole, but the lips, of which there are 
an upper and a lower, soon project considerably in front of 
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the mouth, enlarging the stomodseal cavity; the lower lip is the 

larger and is freely movable (Fig. 58, B). The lips form the 

important feeding organs of the tadpole, and as such they 

become furnished with various horny structures, described 

as teeth and jaws (Fig. 58, B), but not at all to be compared 

with the true teeth and jaws which develop later. These horny 

structures are purely larval organs and are entirely lost at the 

time of metamorphosis. The "teeth" develop from strands or 

piles of cells of the deeper layer of the epidermis. Each cell, 

as it nears the surface, undergoing cornification, becomes conical 

in form, and pushes through the skin, soon to be replaced by the 

next cell (''tooth") underlying it. The upper lip bears three 

medially interrupted rows of these ''teeth," the lower lip four 

complete rows. Toward the base of each lip, near the mouth, 

a closely set row of teeth, together with intermediate horny 

cells, form a continuous ridge; these ridges, of which that of the 

lower lip is the larger, form the "jaws" or beak of the tadpole. 

During metamorphosis the horny teeth and jaws are lost, the 

lips are retracted, and as the mouth rapidly enlarges the true 

teeth and definitive jaws are formed. 

1. The Derivatives of the Fore-gut 

The organs derived from the fore-gut region that we shall 
describe, are the pharynx, oesophagus, stomach, liver and pan- 
creas; in connection with the pharynx we shall describe the 
development of the visceral pouches and arches, the internal 
^d external gills, the thymus, the ultimobranchial bodies, 
epithelioid bodies, the thyroid body, tongue, and the lungs. 

In front of the yolk-mass the fore-gut is widely expanded 
transversely as the pharyngeal cavity (Fig. 37) ; antero-ventrally 
its wall is fused with the ectoderm as the oral plate, while 
postero-ventrally the liver region is indicated as a small cavity 
extending backward beneath the yolk. Dorsal to the yolk the 
fore^gut is narrowed as the rudiment of the a^sophagus. Along 
the sides of the pharynx a series of vertically elongated ridges, 
or solid outf oldings, appear and extend to the surface ectoderm 
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with which they fuse (Figs. 54, 57). These are the visceral 
pouches. They appear very early and the formation of the first 
two or three pairs was mentioned in the preceding chapter. 
Altogether six pairs are formed, decreasing in size and impor- 
_ tance posteriorly. As these 

pouches extend out to the ecto- 
derm they divide the mesodermal 
tissue 1> mg between ectoderm and 
endoderm mto a series of ver- 
tical rods known as the visceral 
archer The most anterior visceral 
pouth IS the hyomandibular; in 
front of It between this and the 
mouth lies the mesodermal man- 
dihular arch The remaining 
pouches are the first to fifth 
branchial poucltes. Between the 
hyomandibular and first branchial 
pouches is the hyoid arch, while 
between successive branchid 
pouches are the branchial arches. 
Like the pouches these diminish 
in size posteriorly imtil the last 
is quite small and incompletely 
marked. Some additional facta. 
1 frontal regarding the last branchial poucl»_ 
- will be mentioned later in connec — 
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archea: /. hyomandihular pourh; branchial pOUch; theSC Cavltie^ 
2-6, first to fifth branchial pouchcB. , .. '.1, »i, u •- 

become continuous with the phar- 
yngeal cavity, and soon perforate the area of ectodennoJ 
and endodermal fusion, fornjing the branchial clefts or j)r»fi 
clefts. The second and third clefts are perforated earliest, 
and soon after, the first and fourth. The hyomandibular 
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pouch is never perforated; shortly before the opening of the 
second and third clefts it loses its connection with the ectoderm 
and gradually disappears. The formation, from the dorsal wall 
of the hyomandibular pouch, of the rudiment of the tubo- 
tympanic cavity of the ear, has already been described (Fig. 57). 
The chief structiu*es associated internally with the visceral 
arches are the aortic arches and the visceral skeleton, the devel- 
opment of which will be described in later sections. From the 
external surface of certain visceral arches are developed the 
gills, both external and internal. Reference has previously 
been made to the external gills: these appear just before hatch- 
ing, as small outgrowths from the outer surfaces of the dorsal 
ends of the first and second branchial (second and third visceral) 
arches (Fig. 22, G.) Later a small external gill appears on the 
third branchial arch. The two anterior pairs grow very rapidly 
and about the time the mouth opens they form large branched 
or lobed processes, extending out from the sides of the pharynx 
(Fig3. 64, 65). They become extremely vascular and are the 
earliest respiratory organs of the tadpole. The posterior pair 
remains small and comparatively simple. 

After a few days the external gills become covered by the 
operculum, and then they are gradually absorbed and finally 
disappear completely. The operculum makes its first appear- 
ance before the perforation of the mouth, as a pair of out- 
growths from the posterior borders of the hyomandibular 
wches. These folds grow backward rapidly, and just as the 
external gills reach their maximum development, the operculum 
extends to and outside of them, enclosing them in an opercxdar 
cavity. This cavity finally becomes entirely enclosed on the 
right side by the fusion of the posterior border of the right 
opercular fold with the surface of the body; this fusion 
extends across the ventral side also, and thus puts the right 
cavity m connection with the left (Fig. 58, B). The left fold 
i^mains partly free and the margins of the opening are drawn 
out forming a short opercular tube or ^'spiracle.*' 

The internal giUs appear just after the gill clefts are perfo- 
rated, about the time the mouth opens, as a series of small 
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elevations on the postero-extemal faces of the branchial arches 
(Figs. 64, 65). Like the external gills, these are covered with 
a thin layer of ectoderm cells which move in, covering their 
original endodermal coat. These rudiments soon become 
doubled on the first three branchial arches, but remain in a 
single row on the fourth branchial arch. They enlarge rapidly 
and form long branched processes or gill filaments, along the 
whole border of the arch below the external gills. The fila- 
ments become very vascular and project freely into the oper- 
cular cavity, where they are bathed in the respiratory current 
entering the mouth and passing out through the gill clefts and 
opercular tube. 

The inner borders of the branchial arches become serrated 
by the formation of a series of papillae, forming a kind of filtering 
organ (Fig. 64, D, E), The continued widening of the dorsal 
part of the pharynx throws the branchial portion into a ventral 
position, and then this whole region becomes partly separated 
from the dorsal region by the anterior and posterior folds of 
the pharyngeal floor; these are the velar plates (Fig. 64, D, E). 

As the period of metamorphosis approaches, the opercular 
cavity and the gill clefts become occluded by the rapid pro- 
liferation of the cells lining these spaces, and of the gills them- 
selves. The most of this solid mass of cells becomes completely 
resorbed. Various structures of the young frog are derived 
from vestiges of the gill clefts. 

The thymus body appears just before hatching, as a solid 
internal proliferation from the epithelium of the upper side of 
the first branchial pouch (second visceral, or hyobranchiaL 
pouch) (Fig. 56). A similar smaller proliferation from the 
hyomandibular pouch has only a transitory existence. The 
thymus rudiment enlarges slowly, separating from the wall oM 
the pouch at about 12 mm. After metamorphosis the thy 
bodies are seen toward the outer siu'face of the head, just bac 
of the auditory capsule and jaw articulation. 

From the dorsal ends of the other branchial clefts somewh 
similar bodies are formed; these become lymphoid and app 
to have no correspondence with the thymus rudiments. Fro 
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the ventral ends of the anterior ^1 pouches additional epithelial 
proliferations are formed about the time the internal gills 
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ha, SS. — Diagram of the branchial pouch derivatives in the frog. After 
Hturer, with Greil's modification, co. Carotid gland; ei, ei, rt, epithelioid bodies; 
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'- ni»ndibular arch; //, hyoid arch; III-VI. first to fourth branchial arches; 
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appear. Those derived from the first branchial pouch form the 
^otid glands, while the others form the so-called epillielioid 
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bodies. These remain present throughout life, lying just 
below the aortic arches (Fig. 56). 

A body described as the pseudotkyroid body appears in the 
postero-ventral branchial region; this seems to have no relation 
with the remains of the disappearing gill clefts. In addition to 
the dorsal remains of the gill clefts, mentioned above, mid- 




Flo. 57. — Spmi-diagrBnimaliR optica] scrtioD of the head of a 7.5 mro. larva 
of R. lemporaria, illuslrating (ho rclalions of the visceral pouohcs and chondro- 
cranium. After SpcmaQn. The wall of the pharyoi toward the observer htm 
been removed, so that the viscera] arches are shown in section, a. Auditory 
ornan; ac, anterior ascendina process of (he pal a to-quadrate cartilage; *. eye; 
E, rudiment of Eustachian ti]he:p;i, epiphyitiB: k, hypophysis; hu. hyoid carlilage; 
m, oral membrane; md. niandihular carlilaee; n, notochord; o, olfactory organ; 
as, oral sucker (in section); p. pharytgceal cavity; pg, palato-quadrate cartilage; 
1. s torn o<l[e urn; I, trabecular cartiiaRe; tr. trabecular eornu: Ih, rudiment of 
thyroid body; ly. rudiment of thymus; 1-4. first to fourth visceral pouches. 

die and ventral traces may be scon for some time after ■ 
mclaniorijhosi.i. 

A ]ia\r of vllimobranchial bodies, known also as posl-branchiaU 
or xupra pericardial bodies, are found in the frog, lying posterior 
to the fifth visceral pouch. These arc formed as solid pro- 
liferations from the i)haryngeal wall just back of the fiftM 
visceral jKiuch (fourth branchial pouch). They clearly repr^^ 



THE LATER DEVELOPMENT OF THE FROG 165 

sent the vestiges of a sixth pair of visceral pouches, although 
they never extend out as far as the surface ectoderm. They 
soon separate from the pharyngeal wall and acquire internal 
cavities, remaining in the floor of the pharynx, in a supraperi- 
cardial position (Figs. 54, 55, 56). 

The remaining structiu-es of the pharyngeal region have no 
genetic relationship with branchial structures. The thyroid 
hody appears just before hatching, as a median evagination, 
narrow and elongated, from the floor of the pharynx (Fig. 57). 
This slowly pinches off from the pharyngeal epithelium, 
forming a solid rod of cells, and a few days after the opening of 
the mouth it divides into a pair of bodies, which then enlarge 
rapidly and become very vascular. 

The lungs appear just before hatching as a pair of solid 
proliferations from the ventral wall of the posterior part of the 
fore-gut, between the yolk-mass and the heart. These rudi- 
ments slowly extend posteriorly along the sides of the fore-gut, 
and early acquire cavities proximally. Some time after the 
opening of the mouth, the wall of the fore-gut between and 
wound the openings of these diverticula, becomes depressed 
^ a transverse groove, the laryngeal chamber (Fig. 58, B), 
which is then partly constricted off from the alimentary tract; 
the opening that remains is the glottis. The lungs now rapidly 
elongate, pushing out into the body cavity and becoming very 
Vascular (Fig. 72); the mesodermal constituents surrounding 
the endodermal lining of the lungs, are derived from the 
splanchnic mesoderm. 

The tongue appears very late, just before metamorphosis. 
It is first indicated as an elevation in the floor of the anterior 
part of the pharynx, just back of the region from which the 
thyroid body was derived. In front of this elevation, between 
It and the lower jaw, the floor of the pharynx is depressed and 
glandular. During metamorphosis the rapid anterior extension 
of the tongue carries this glandular area upward so that it 
lies on the free anterior tip of the tongue. 

The liver appears very early, even before the embryo begins 
to elongate, as a postero- ventral extension of the cavity of the 
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Flo. 68. — Dindranis of median BUfcittal eectioDH of the anterior eoda of (roc 
larvie. After MBrshull. A. Of a larva juBt before tho opening of the mouth. 
B, Of a 12 mm. larva (at the appearanre of the hind-limb buda). a. Aurides 
ao, doraal aorta; 6, gall bladder; Aft, boaihyal carlila«e; ch, oarity of cerebrsJl 
hcniiHphero (lateral ventricle); e, epithelial plug rloiiing the (caaphagua; >|i,_ 
opiphynis; a, gloltis; ft, hypophysis; H, hind-brain: hr, rerebral hemisphere; ftl^ 
horny "teeth"; hr, hepatic vein; i, intestine; if. infundibulum; j, lower jaw 
/, liver; ly, laryngeal chamber; m, mouth; Af, mid-brain; mb, oral membraDe {orala 
(wptum); n, notoohnrd; o. median portion of oporrular ravity; ot, cesophBgua-' 
p, pharynx: ph. pineal body; pc, pericardial caiity; pd, pronephric (mesonephric - 
duct; pi, pituitary body; pp. pulmonary vein; pIII, choroid plexus of third vn^ 
tricle; p] V. choroid plexus of fourth ventricle; r. roatral cartilage: to, optic recaa^* 
I, stomodo'Um : HP, si nun vcnoiiu!i;t. thyroid body: (a, tni: 
culum posterius: r. ventricle; re. inferior (posterior) vei 
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fore-gut, beneath the yolk-mass (Fig. 37). This rudiment 
enlarges very slowly at first, the solidity of the yolk preventing 
its penetration. The liver lies just posterior to the heart and 
separated from it only by a mass of scattered mesoderm cells, 
which come to be added to the anterior wall of the liver diver- 
ticulum, forming its mesodermal components. Some of the 
yolk cells adjoining the liver appear to be added to it, forming 
true hepatic cells. After hatching, the wall of the anterior 

part of the diverticulum 

becomes folded, and later 

forme the chief part of 

the definitive liver (Fig. 

58, A). The postero- 

ventral extension of the 

diverticulum is the rudi- 
ment of the gall-bladder, 

Tliich becomes somewhat 

separated from the ante- 
rior hepatic portion; the 

original opening of the 

divtaticulum out of the J'°- 69.-Modei8 of the digeBtn,, 

, ^ of frog embryoB. AfCerHamm — 

'ore-gut remains as the a. Lateral view ot the tract of a. 




in later stages the liver the tract ot 

, - 1 , , choledochua; 

^uarges very considerably lung; m, mi 

rudiment of psDcreos; 



\ 



S.5 mm, larva, d. Ductus 
gall bladder; A, liver; I. 
t; p, pancreas; pd, dorsal 

And shifts its position pos- 
teriorly; the gall-bladder also becomes very large in the 
tadpole. 

The pancreas develops in the region where the liver diver- 
ticulum origmally opens out of the fore-gut (Fig. 59). It 
sriaes from three rudiments. A dorsal rudiment appears as a 
Solid outgrowth of the dorsal wall of the fore-gut, from which 
it soon separates entirely. Right and left ventral rudiments 
grow out from the fore-gut, just in the posterior margin of the 
opening of the bile-duct. These ventral rudiments, retaining 
& common connection with the gut, then enlarge and, passing 
around the sides of the bile-duct, fuse together in front of it. 
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Later the dorsal rudiment unites with the fused ventral 
parts, and the entire pancreas is then connected by the pan- 
creatic duct with the ventral wall of the gut. The opening of 
the pancreatic duct marks the boundary between the fore- and 
mid-gut regions during these early stages; later the opening of 
the duct shifts just within the margin of the bile-duct. 

The chief steps in the differentiation of the oesophagus, 
stomach, and intestines occur just after hatching. The region 
between the lung rudiments and the openings of the hepatic 
and pancreatic ducts, elongates as the region from which the 
oesophagus and stomach are formed (Fig. 59). Shortly after 
hatching (8 mm.) the anterior end of the oesophagus becomes 
completely occluded by a proliferation of its wall just anterior 
to the laryngeal opening (Fig. 58,-4). The oesophagus remains 
closed until shortly after the opening of the mouth (10-11 mm.) 
when it reacquires cummunication with the pharynx. The 
stomach appears as a dilation of the posterior portion of the 
fore-gut. Its axis is at first longitudinal, but soon it becomes 
bent so as to lie transversely. Throughout the larval period 
the stomach remains comparatively small and not clearly 
marked off from oesophagus and intestine. 

2. The Derivatives of the Mid-gut 

Up to the time of hatching the mid-gut remains as a narrow 
opening, dorsal to the yolk-mass which forms the floor of this, 
the intestinal region; its roof and sides are but one cell thick 
(Fig. 37). After hatching, the yolk is rapidly absorbed and 
the intestine begins to elongate. The process of yolk absorp- 
tion is most rapid during the first week after hatching; in part 
the yolk cells degenerate, and in part they become modified 
into the glandular epithelium of the intestinal wall. Some of 
the cells of the endodermal lining of the intestine seem to 
wander outside the wall of the gut, into the mesentery (see 
bolow) and contribute to the formation of lymphatic tissue. 

As a result of the elongation of the intestine it becomes 
thrown into a transverse or dtiodenal loop, extending across 
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the body cavity from the posterior end of the stomach (Fig. 59). 

The elongation of the intestine continues rapidly, and soon it 

becomes thrown into a double spiral which occupies the entire 

ventral part of the body cavity. At its maximum length it is 

about nine times the length of the body. The oesophagus 

and stomach also elongate somewhat during this period, so 

that the pancreas and liver are pushed back into the body 

cavity. The relations of the mesentery are described below. 

During the period of metamorphosis the entire digestive tract 

shortens to about one-third its maximum larval length; this 

shortening affects chiefly the intestine and stomach. 

One structure developing in connection with the enteron 
has not been mentioned as yet; this is the hypochordal rod. 
This has no direct relation with the notochord. It appears 
in tadpoles of about eight somites (3-4 mm.) as a median 
ridge along the outer surface of the endodermal wall of the naid- 
gut (Fig. 70, C). Later this ridge extends both anteriorly 
and posteriorly, as the part first formed separates from the 
enteric wall; it becomes entirely free at about 4.6 mm. Finally 
it extends the entire length of the gut posterior to the dorsal 
pancreas; through the tail it lies above the postanal gut. It 
is a narrow rod, only two or three cells in diameter, lying be- 
tween the dorsal aorta and the notochord. Shortly after 
the opening of the mouth (13 mm.) it breaks into short pieces 
and its cells either disappear or scatter; in the older larva no 
traces remain. 



3. The Derivatives of the Hind-gut 

This is the smallest section of the enteron. We have de- 
scribed, in the preceding chapter the formation of the neuren- 
teric canal and proctodaeum, and the terminal dilation of the 
efltax>n which becomes the rectal region (Fig. 37). Just after 
the tail has begun to elongate (4 mm.) the fusion between the 
rectal and proctodseal walls becomes perforated by the anal 
opening, so that the gut opens directly to the outside. The 
proctodseal region becomes the cloaca of the tadpole and frog. 



170 OUTLINES OF CHORDATE DEVELOPMENT 

and receives not only the opening of the rectum, but the 
openings of the excretory and reproductive ducts as well. The 
luminary bladder is formed just before metamorphosis as a ven- 
tral outgrowth from the cloaca. 

As the tail grows out, the nerve cord and notochord extend 
into it, while the true enteron remains limited to the body 
region, and the neurenteric canal consequently is drawn out 
posteriorly. It soon cuts oflf from the nerve cord, but for a 
time its antero-ventral limb remains open into the rectum and 
is known as the postanal gut. This gradually closes, and by 
the time of hatching it is represented only by a strand of cells 
extending posteriorly from the rectum, nearly to the tip of 
the tail; finally it disappears entirely. Throughout the larval 
stage the rectum remains short and only slightly dilated; 
during metamorphosis it enlarges and elongates, forming a 
considerable terminal portion of the alimentary canal. 

IV. THE MESODERMAL SOMITES 

All of the remaining systems are primarily associated witb^i 
the mesoderm. In the preceding chapter we described th^^ 
early history of the mesoderm and in a few words we may re- 
call its arrangement at the time the larva is about to commenee 
its elongation. 

In the body region the mesoderm is already differentiated 
into the thickened proximal portion along the chorda, known 
as the segmental or vertebral plate, and the thinner peripheral 
lateral plate, which passes aroimd the sides of the yolk-maai 
to the ventral surface. Dorso-laterally the lateral plate is 
split into two sheets, the outer or somatic layer, and the inner 
or splanchnic layer, separated by a narrow sptanchnaoBl or 
rudimentary body cavity (Fig. 70, A). Through most of 
the body region the vertebral and lateral plates are continuous 



and the cavity of the lateral plate is continued into the verte- 






bral plate as the myoccel. At this stage, however, in the an- ' 
terior body region, the vertebral plate is already transversely d 
divided into three or four pairs of somites, which have separated, 
distally, from the lateral plate. 
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In the region of the head and pharynx the mesoderm is 
in the foim of scattered groups of cells, mesenchymal in charac- 
ter, filling the irregular spaces among the organs of these 
regions, brain, sense 
Gleans, ganglia, gilt- 
pouches, etc. Some of 
the details of the lato- 
lustOTy of this mesoderm 

have already been men- 
tioned in connection 

with the visceral 

poaches, and others will 

be considered with the 

hiitory of the vascular 

and skeletal systems. 

We may mention here, 

however, the essential 

£»ct8 regarding the 

<levdopment of the 

smnitcs and lateral 

plftte. 
The formation and 

(lifferaitiation of the 

■omites and lateral plate . 

Occur progressively in 

Uie posterior direction, 

so that in a young larva 

■» of the process may ^ m,_t„„.™, „„„ .h,..,h u,. 

be read in a series of ttxth meRodormBl somite of a S mm. larva of R. 
«>.>.«..».... ^^„t; ^ — ^ ttmporaria, illustrating the arrangement of the 
transverse sections. j„ei»oderra. From Maurer (Hortwiga Hand- 

The cavity of the so- *""'''■ "'•'>■ '• ^"^' p'"'^' ''*• ""to^hord; D, 

■' gut wall: m, myotome (muM-le plale) ; mr. norvB 

nilte, the myOCCel, JieS cord: p. lateral plate; t, ventral process of myo- 

toirard its surface; the '<""'' '""' ^""^ ^''*^- 

(Hitar wall, only one cell thick, forms the cutis plate or derma~ 
Um€, lying just beneath the surface ectoderm (Fig. 60). 
The inner wall of the somite is much thickened as the 
myotome or muscle plate; through the continued thickening 
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of the myotome the myocoel is early obliterated. The 
myotomaJ cells or muscle cells, elongate antero-posteriorly 
through the entire segment; the formation of muscle fibrills 
in these cells begins very early (5 mm.) on the side toward 
the chorda (Fig. 53). 

From the ventro-medial portion of the myotome, cells prolif- 
erate and move downward below the chorda, and upward be- 
tween the chorda and the myotome, forming the rudiment of 
the sclerotome. The somite now separates entirely from the 
lateral plate, and soon the sclerotome separates from the somite, 
and extends dorsally around the nerve cord, forming a consider- 
able mesenchymal mass surroimding this and the notochord. 
This is the region where the cartilaginous vertebral colunm 
forms later. 

Just after the separation of the sclerotome (5 mm.) the 
myotome and dermatome send down a ventro-lateral out- 
growth, which soon separates from the myotome and forms 
later the ventral musculature (Fig. 60); from the myotomes 
of the limb regions these outgrowths extend into the rudiments 
of the limbs, later giving rise to their voluntary musculature. 

The cutis plate breaks into groups of branched mesenchyme 
cells, some of which become applied to the inner surface a 
the ectoderm and form the dermal layer of the dorsal half (^ 1 
the embryo, while others pass in • between the myt 
forming the connective-tissue septa or myocommata. 

In the trunk region of the frog, thirteen pairs of somites 
formed altogether, but the two anterior pairs disappear about 
the time the limbs appear, leaving eleven in the adult. Tlie 
region of these two transitory somites later becomes incorj>o- 
rated into the head, as the occipital region. The accompan}diig 
table, based upon the observations of Elliot, summarizes the 
history of the somites and spinal nerves of the body region 
of the embryo. In the tadpole there is, of course, a large, and 
varying, number of somites in the tail region; Harrison has 
counted about forty-five pairs in a 5.5 mm. larva of Bana 
virescenn. All posterior to the thirteenth (eleventh of the 
adult series) disappear during metamorphosis. 
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TABLE OF SOMITES, VERTEBRAE, AND RELATED NERVES OF 

THE TADPOLE (ELLIOT) 



Cartilaginous 
fllemeDts in 
aderotome 



Ompital 
regbn of 
akuU 



2 vertebra 



STcrtebra 



4nrtebra 



•▼ertebra 




Nerves 



Adult 



1 vertebra 



P*rt of uro- 
■tyle 



Absent (Disappears at forma- Root of vagus nerve 
tion of limbs) 



Absent (Disappears at forma- 
tion of vert^rae) 



No nerve. Ganglion in embryo 
only 



Ganglion and nerve in embryo. 
Absent in adult 



6 



5 vertebra 


7 


5 




8 




• Tertebra 


6 




9 




7 vertebra 


7 




10 




8 vertebra 


8 



1 spinal nerve ("hsrpoglossal") 



— \ brachial plexus 
3 



41 

5 

6 



to body wall 



11 



12 



13 




71 

8 

9 



sciatic plexus 



10 to pelvic region 



Before the separation of the somites and lateral plate, the 
latter shows traces of segmentation in the region adjoining the 
somites, from which later the pronephros is formed (see below). 
This region may therefore be termed nephroiome or intermediate 
<xU mass. These traces disappear very quickly, and the lateral 
plate itself is never segmented. The cavity of the lateral plate, 
the general body cavity, gradually extends ventrally, and finally 
divides the entire lateral plate into somatic and splanchnic 
layers. Except in the extreme anterior and posterior ends of 
the trunk, the cavities of the two sides meet and fuse across 
the mid-ventral line, establishing a continuous body cavity and 
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completely separating the somatopleure, or body wall, consisting 
of the somatic mesoderm and integument, from the splanchno- 
pleure, or gut wall, consisting of splanchnic mesoderm and 
enteric wall. 

In the pharyngeal region, the layers of mesoderm remain 
fused together medially, below the gut; consequently the 
splanchnocoel is paired in this region, where the heart develops 
later. The median fusion is a vestige of a ventral mesentery. 
Along the dorsal side of the enteron, the splanchnic layers of 
mesoderm push in between the chorda and the enteron, and 
form the dorsal mesentery by which the gut remains connected 
with the dorsal wall of the body cavity, and through which 
later the vessels, nerves, etc., pass to and from the gut. When 
the yolk is absorbed and the narrowed gut passes to the ventral 
side of the body cavity, the mesentery forms a thin double 
fold of membrane. Then as the intestine elongates the mesen- 
tery is thrown into folds corresponding with those of the gut. 

Through the absence of a ventral mesentery, save in the heart 
region, the body cavity is continuous from side to side beneath 
the gut; dorsally the mesentery interrupts such a communica- 
tion. Later on, the body cavity becomes incompletely divided 
transversely into anterior and posterior parts, but this and the 
formation of the pericardial portion of the body cavity, are 
more conveniently described in connection with the vascular 
system. 

V. THE VASCULAR SYSTEM 

1. The Heart 

The first parts of the vascular system to appear are th.^ 
heart and the largo veins connected with its posterior end. 
We have already said that the cardiac region lies beneath t)r^e 
hinder part of the pharynx, immediately anterior to the liv^sr 
and posterior to the th\Toid body. In this region the somatic 
and splanchnic layers of the lateral plate are separated hy a 
wide cavity which is the beginning of the pericardial cavit:y 
(Fig. ()1). This is at first directly continuous posteriorly with 
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I toe general body cavity, though we shall see that later it ba- 
les completely closed off. Dorsally there is no definite 
k.CO'looiic space in this, the pharyngeal region. The pericardial 




Pio. 61. — SactioM showing the formation of the heart in the frog. A-D, 
~"*^ri« (if IraniiveiBe sectioiu through corresponding regions of a serira of embryofl 
■' A. Irmporaria. Alter Brschet. E. F. Sections through the same region in 
' 'UfT embryos of R, tvJKttica. A. 2.6 mm. embryo. Mesoderm atiproachiog 
'lie mid-line; endothelium appearing. B. Older embryo of sume length as A. 
' '■ S mm. embryo showing enlargement of poricardisJ cavity and the begin- 
'^ogof the folding of the somatic mesoderm, i). 3.2 mm. embryo. Endothelial 
■""flls heroniing arranged in the form of a tube. E. Embrj-o ot about 3 mm. 
^'- Embryo of &-6 mm. Heart tube established; dorsal mosocordium bUU 
W«sKil, dm. Dorsal mesocardium ; e. cardiac endothelial rolls: "i, endoderm; 
!• ■■II of gut (pbaryui): p, pericardial cavity; so, somatio layer of mesoderm; 
1' Vi ■planehnic layer of mesoderm. 

twtl and the muscular wall of the heart are derived from the 
Kttteral plate mesoderm, while the inner lining of the heart, the 
^tbelium, is derived from scattered mesoderm cells lying 
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between the splanchnic mesoderm and the enteron, cells that 
have been formed from the endoderm in the same way that 
much of the lateral plate mesoderm has been, i.e., through a 
splitting off of cell groups from the surface of the enteric wall 
(Fig. 61). These scattered mesoderm cells are often regarded 
as belonging primarily with the ventral ends of the hyoid 
visceral arches. They become distinct by the time two 
mesodermal somites are formed. 

Fig. 61 shows how the layers of the lateral plate extend 
beneath the pharynx, remaining fused in the mid-line as the 





Fio. 62. — Diagrams of frontal projections of the hearts of early frog embryos- 
After Weber. A. Heart of an embryo of 2.7 mm. showing the median bulbus 
arteriosus and the separate auricular and ventricular cavities. B. Heart of a 
3.2 mm. embryo showing the fuision of the auricular and ventricular cavities. 
The broken line marks the incomplete separation between the endothelial auri- 
cular and ventricular regions. C. Heart of a 3.5 mm. embryo. At this stage the 
ventricle is strongly looped ventrally. a, Auricle; ha, bulbus arteriosus; ra, roots 
of aortic arches; «, incomplete septum between endothelial tubes of auricle and 
ventricle; r, ventricle; vl, root of left vitelline vein; vr, root of right vitelline vein. 



ventral mesocardium. The inner or splanchnic wall of th( 
pericardial cavity now folds together dorsally, enclosing th< 
endothelial cells, which have become arranged in the form of 
short tube. Finally the splanchnic folds meet and fuse dor— ^ 
sally, forming a tube outside of the endothelial tube and con--^ 
nected with the dorsal wall of the pericardial cavity; this tul>-«* 
forms the muscular wall of the heart and the connection is th — m 
dorsal mesocardium. 

The endothelial tube, which is to be regarded as the primal ; 

rudiment of the heart, really consists of a pair of short tul 
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(Weber); these very early fuse together anteriorly forming a 
median region, the future buUrus aortce (Fig. 62). From the 
antero-lateral margins of the bulbus, two short strands of cells 
extend forward in the floor of the pharynx as the rudiments 
of the bifurcated truncus arteriosus or ventral aortce. Posteriorly 
the two endothelial tubes are only incompletely fused and are 
asymmetrically developed. That of the right side forms a 
dilated flexed tube which is the rudiment of the ventricle and 
the right vitelline vein, while that of the left side is more elon- 
gated and is dilated posteriorly as the rudiment of the auricle, 
continuing posteriorly as the left vitelline vein (Fig. 62). Both 
vitelline veins pass directly into the liver and yolk-mass. These 
two cardiac tubes gradually fuse more extensively and their 
cavities become somewhat confluent, so that the ventricular 
region is m a small degree formed of the left tube also; the 
more posterior auricle similarly receives a small addition from 
the end of the right tube with which the right vitelline vein 
is continuous. 

The heart rudiment begins to elongate at once and is thrown, 
by horizontal folds, into an S-form, whereupon the dorsal meso- 
cardium disappears, leaving the heart tube attached to the peri- 
cardial wall only at its ends. The posterior limb of the heart 
Kes toward the left side and abuts against the liver; this forms 
tte region of the sinus venosu^ and auricles. The anterior 
section, and the right or middle section which is the region of 
the ventricle, soon swing downward, becoming relatively 
'Central in position, while the auricle then extends through nearly 
^he entire dorsal part of the pericardial cavity (Fig. 66) . 

These limbs of the heart tube are very early separated from 
^ne another by constrictions. Shortly after the opening of the 
^outh the auricle becomes divided into right and left auricles by 
thedowngrowth of the interauricular septum from its dorsal wall. 
The sinus venosus remains connected with the right auricle. 
T^e left auricle receives the pulmonary veins, but these are 
^nly dightly represented during the tadpole stage. The wall 
L ^f the ventricle becomes much thickened by the ingrowth of 
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the mouth opens, the bulbus aorUe becomes divided into the 
anterior and posterior parts characteristic of the adult frog, 
and in the former, now known as the truncus arteriosus, a 
longitudinal fold appears separating its cavity into right and 
left channels. 



2. The Origin of the Blood and Vessels 

Details regarding the exact method of origin of the blood 
vessels of the frog are scanty. For the most part they seem to 




Fio. 63. — Sections shawing the (urmBtian of the blood islands id the fw^V- 
After Brachpt. A. Part of a traiLfvcrae section throuRh the middle of they *>tt 
region of n 3.8 mm. embryo of R. lemporaria. B. Same of a 3.2 mm. emtvyo- 
en, Endothelium; i', blood island; in. mesoderm. 

arise (4-4.5 mm.) as irregular and often isolated lacunar spaces 
in the mesenchyme and splanchnic mesoderm. The cells boJ^ 
dering these spaces gradually form a definite boundary and ti* 
sinuses thus formed are linked into continuous vessels. In 
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6ome cases the smaller vessels seem to be preformed as short 
solid strands of cells, which become rearranged to form the 
walls of hollow tubes. 

At first these vessels, like the heart itself, are devoid of 
cellular (corpuscular) elements. Some have described the 
origin of blood corpuscles directly from the walls of the vessels, 
but it seems doubtful whether such a process is at all conmion. 
For the most part the blood corpuscles are formed from a large 
group of blood islands^ groups of cells occupying the ventral side 
of the yolk-mass, between the liver diverticulum and the ventral 
margin of the original blastoporal region (Fig. 63). 

The ventro-lateral surfaces of the endodermal yolk-mass, as 
w-e have seen, give off the mesoderm by delamination, but in 
tlris ventral region the superficial cells of the yolk-mass split 
off irregularly in groups. These cell groups are the blood islands 
CBrachet). While some of these cells are converted into the 
^v-^lls of the veins of the yolk, they are mostly transformed into 
ro<l blood corpuscles, which thus enter the circulation by way 
of these veins. The corpuscles enter the circulation in larvae 
of about 5 mm., and for some time their origin from the yolk 
^^gion is indicated by their abundant yolk content; not imtil 
^f ter hatching do they assume the histological characteristics 
of the definitive corpuscles. 

3. TJve Arterial System 

The earliest arteries to appear (about 4 mm.) are the paired 
Sterol dorsal aorUe, dorsal to the pharyngeal region. At first a 
^ries of separate spaces or lacunae in the mesenchyme of the 
head, these soon connect forming definite vessels extending 
forward into the cranial region. Posterior to the pharynx these 
Vessels imite forming the median dorsal aorta, which then 
^tends to the posterior extremity of the embryo. 

The blood vessels of the visceral arches develop very early. 
Those of all the branchial arches are essentially similar, while 
1^1 the arteries of the hyoid and mandibular arches are consider- 
!jv I ^My modified from the branchial type and are largely vestigial 
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in character. There is some variatioo here among different 
species of Rana; we sliall outline the history of these vessels 
in R. esculenta, as described by Maurer. Here, in each branchial 




Flo, 84.— Sections through the branchi&l rejtion of tadpolea ol 
shoHing the devclopnieat of the gilla and the history of the aortic arches- Aft^=-J 
Maurer. A. 4 mm. larva ehowiog the conttnuouB first brsachial aortic arcKa- 
B. 6 mm. larvB showing the Bnastomosis between the afferent and effere^^ait 
portiona of the aortie arrh. C. G mm. larva with vascular loops in theeit«riB.^ 
gills. i>. 13 mm. larvu. On the left the opercular cavity is closed and tK^* 
external gill ia beginning lo atrophy, while on the right this cavity is still oik^sH 
and the citcrnul gill well developed and projecting through the opercular opisv 
ing. E. 17 mm. lari-a. VcsaeU of the aerond branchial arch. External ^E?" 
represented only by a minute pigmented vestige, oi. First bcanchial aor-««' 
arch; a&, afferent hranehial artery; ao, root of lateral dorsal aorta; ou, auditof 
organ; e, conus arleriosua; c, epithelioid body; eb, efferent branchial anevT>' 
eg, external gill; i. internal (anterior) carotid artery; in. internal gills: n, ne'^* 
cord; o, operculum; p, pharynx; pc, pericardial cavity; r. gill rakers; i. K>Tti 
sucker; v, velar plate; x, anastomosis between afterent and efferent bnnebi*' 



arch a lacunar vascular space appears (about 4.5 mm.) which 
early connects ventrally with the truncus arteriosus, and dor- 
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sally with the lateral dorsal aorta, forming thus, before the 
gills appear, a continuous aortic arch in each branchial arch 
(Fig. 64, A). There are, therefore, in the branchial arches, four 
pairs of aortic arclies; these are really the third to sixth pairs 
of aortic arches, the first and second being formed in the 
mandibular and hyoid visceral arches. 

\\'hen the external gills appear an additional vessel develops 
doTBO-laterally to the aortic arch, along the base of the gill, 
lonning its supply. This vessel opens out of the ventral end 




Fia. es.— DiagrHins of the aortic nrch of the adult frog and tadpole. After 
'mutt. A. The cODtinuouB aortic arch of the adull; Bhowiog the parts corre- 
fWnding with the larval vessels, B, First eiternal gill and asaoeiated vessels 
U> noDt tadpole. C. Internal Rill and associated vessels in the tadpole after 
"t* diiappearance of the externa] gills, ab. Afferent branchial artery; e, epi- 
"itlitad hodyr eb, efferent branchial artery; ej, external gill; ip, internal gill; 
'' operculuni; x. direct anastomosiB between afferent and efTerent branchial 



of the aortic arch and joins it again toward its upper end 
(Fig. 64, B); the lower end of the aortic arch may then be 
termed the afferent branchial artery, its dorsal end the efferent 
woncAioi artery. The small vessels of the external gills form 
'oops comiecting the dorsal and ventral parts of this second 
Vessel. Then as the external gills disappear and the internal 
PUb develop on the branchial arches, the direct ventral con- 
i>«tion between the original aortic arch and the second vessel, 
becomes interrupted by the disappearance of a part of the 
Sortie arch, and the vascular networks of the internal gills 
Mnnect the two vessels. In this way the original aortic arch 
"ttomes almost entirely the efferent branchial artery, while 
'he second vessel serves as the afferent branchial artery 
(Figs. f>4, 65). 
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When the internal gills disappear, during metamorphosis, 
lower end of the efferent branchial artery (original aortic aJ 
reacquires a direct connection with the afferent branchial ar 



nriii 




Fio. 66. — Diaeraius of Ihe branchial blood Tencla In frog larvB. . 
Marshall. A. Ot a7 mm. larva (shortly after hatching). Theveaaels ■upp 
the cxtcrnat gitls are removed, only their roots lieiog indicated. B. Of a 12 
tadpole. The vascular loops in the eitla are omitted, a. Auricle; ac, ani 
(intornal) carotid artery; am. anterior commissural arleT>-; ao. dorsal aorti 
anterior palatine artery; 6, basilar artery: c, anterior cerebral artery; eg. cs 
gland; ct, poaterior (inferior) veua cava; dC, ductus Cu%-ieri; o. prone 
Klomerulus; h, hopatic veins; hy, hyoidean vein; t. lingual artery; m. mandi 
vein: p. pulmonary artery; ph. phar>'ngeal artery; pm, origin of posterior 
misaural artery; pp. posterior pnlatino artery: pr. pulmonary vein; », V* 
oral sucker; /, truncus arteriosus; ii. cutaneous artery; r. ventricle; t~4, & 
fourth afferent branchial arteries; /, //. efferent arteries of the mandibulal 
hyoid arches; III-VI. first lo fourth efferent lirsnchial arteries; Vll, 1m 
vessel at the fourth branchial arch. 



and the blood again passes directly from the truncus to 
dorsal aorta (i'lg. 05, A). This connection enlarges as the 
capillaries diminish, and finally these direct paths remaii 
the only vessels of the branchial arches. 
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In the fourth branchial arch, which lacks external gills, the 
history is essentially modified only to the extent of the omission 
of the vessels related to these structures. The vessels of this 
arch appear considerably later than in the anterior arches. 

The development of the vessels of the mandibular and hyoid 
arches seems to be quite variable among the different species 
of Rana. The most consistent accoimt is that of Marshall and 
Bles, of R. temporaria. Here, in tadpoles of about 5 mm. a 
lacunar vessel representing the aortic arch (the second of the 
whole series) appears in the hyoid arch, and a small outgrowth 
of the lateral dorsal aorta extends toward it, but never actually 
joins it, disappearing about the time the mouth opens (Fig. 66, 
A). At hatching a small outgrowth of the truncus arteriosus 
may be seen extending into the lower end of the hyoid arch; 
this has a very brief duration. At the same time the vestige 
of the aortic arch has divided into dorsal and ventral portions; 
of these, the former soon disappears while the latter, now known 
as the hyoidean mn, connects with a large vascular sinus in 
the region of the oral sucker. 

The vessels of the mandibular arch appear shortly before 
Jiatching; these are, a lacunar vessel in the lower part of the 
^ch, representing the original aortic arch, and a small out- 
growth of the lateral dorsal aorta into the dorsal part. Soon 
these unite and also join the hyoidean vein. After the mouth 
opens, the outgrowth from the lateral dorsal aorta separates 
from the other vessels and grows forward as the pharyngeal 
Artery, while the hyoidean vein disappears with the oral sucker 
(Pig. 66, B). 

The continuations of the lateral dorsal aortae into the head 
form the roots of the anterior or internal carotid arteries, whose 
Numerous branches supply the organs of the whole dorsal 
part of the head; the internal carotids become connected by 
t^o transverse commissural arteries passing anterior and post- 
^or to the infundibulum (Fig. 66). The ventral part of the 
*iead is supplied by the lingual or external carotid arteries; these 
"Vessels appear, some time before the opening of the mouth, 
a pair of sinuses in the floor of the buccal cavity and 
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pharynx. About the time the mouth opens, they extend back- 
ward and connect with the ventral ends of the efferent bran- 
chial arteries of the first branchial arch, in the region where 
the carotid gland (see above) develops later. 

About the time of hatching, outgrowths of the dorsal aorta, 
just back of the pharyngeal region, extend laterally into the 
region of the pronephros or head kidney (see below). These 

later become very large and form 
the vascular glomi of this kidney 
(Figs. 66, 72); traces of these re- 
main, long after the pronephros 
itself has disappeared. 

During metamorphosis, as the gills 
disappear, the branchial blood ves- 
sels are considerably modified. We 
have seen that a continuous aortic 
arch is reestablished in each of the 
.^^ four branchial arches by the fusion 

I'ltj. 67.— Diagram of the of the afferent and efferent arteries. 

branchc!s''ir aT'^adul^ fr^og^ The first branchial aortic arch (third 
Ventral viow. ao, Dorsal aorta; of the whole scrics) remains as the 

c, carotid artery; eg, carotid 

gland; cu, cutaneous artery; I, TOOt Of the antCHOr Carotld artery, 
lingual artery; p, pulmonary ^^^ -^ ]^^^^^,^ ^ ^^ie Carotid arch 
artery; «, systemic arcn; sc, 

subclavian artery; t, truncus (Fig. 67). The lateral dorsal aorta 

arteriosus; r, vertebral artery. , . .i /? . i i /^i • i 

between the first and second (third 
and fourth) aortic arches, becomes reduced to a solid strand 
of connective tissue, and the second (fourth) pair of aortic 
arches coiisecjuently become the roots of the dorsal aorta, and 
are known as the systemic arches. The third (fifth) aortic arch, 
after becoming a solid strand of tissue, disappears entirely. 
The fourth (sixth) arch remains as the root of the pulmonary 
and cutaneous arteries of the adult, and is known as the pulmo- 
cutaneous arch. 

The i)ulmonary arteries appear just after hatching as small 
outgrowths from the upper ends of the efferent branchial 
arteries of the fourth branchial arch. (Figs. 66, 67). They 
extend backward to the lung rudiments, which they reach 
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before the vessels of this arch have acquh^ed a connection 
with the trnncus arteriosus. Later the cutaneous arteries 
leave the pulmonary, and extend dorsally, spreading over the 
skin of the back and sides. Some time after metamorphosis 
that part of the aortic arch between the origin of these vessels 
and the lateral dorsal aorta, known as the ductus Boialli, 
slowly atrophies and becomes a solid strand. 

Longitudinal septa appear in the truncus arteriosus, dividing 
it into three channels. One of these leads to the carotid arches, 
and in the heart receives blood from the left side, i.6., fully 
aerated blood which has been received through the left auricle 
from the lungs and skin. Another channel leads from the 
right side of the heart and carries the venous blood to the 
pulmo-cutaneous arches. The remaining channel connects 
^ith the systemic arches; iii the heart its closer connection is 
with the left side. 

4. The Venous System 

The large veins of the yolk-mass are in reality the first 

parts of the vascular system differentiated. These are the 

paired, but asymmetrical, omphalomesenteric veins (known 

also as the vitello-intestinal or the vitelline veins) arising on the 

ventral surface of the yolk, in the region of the blood islands 

described above, and passing along the lateral surfaces of the 

yolk and liver diverticulum, to enter the sinus venosus. This 

posterior chamber of the heart appears to be formed chiefly 

by the fusion of these large veins, although it receives later a 

pair of large veins, the ductus Cuvieri or Cuvierian sinuses, 

coming from the body wall opposite the sinus venosus. As 

the liver develops, both of the vitello-intestinal veins break up 

into capillary nets within its substance, and the parts of the 

two veins between the liver and the heart fuse into a single 

hepatic vein. Posteriorly from the liver the right vein seems to 

disappear as a definite channel, while the left partly remains as 

the root of the definitive hepatic portal vein, ultimately receiving 

branches from the digestive tract and its appendages. 
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The ductiis Cuvieri pass from the sinus venosus obliquely 
upward in a nearly vertical plane, to the body wall where they 
divide, passing thence anteriorly and posteriorly. The anterior 
branches are the anterior cardinal veins. These continue 
forward as the superior jugular veins, receiving blood from the 
brain and dorsal parts of the head, and from the region of the 
eye and ear (facial branch). The inferior jugular veins, coming 
from the region of the mouth, sucker, and ventral surface of the 
head, open into the roots of the ductiis Cuvieri, just before 
these open into the sinus venosus. 

The posterior branches of the ductus Cuvieri are the posterior 
cardinal veins. These are primarily the veins of the body wall 
and the excretory systems. They pass posteriorly through the 
pronephric region, and thence along the medial side of the 
pronephric ducts (see below) (Figs. 68, 72, 76) receiving blood 
from the veins of the body wall (segmental veins). A median 
caudal vein, passing forward through the entire length of the 
tail, just ventral to the dorsal aorta or caudal artery, upon 
reaching the body cavity divides above the cloacal region, 
and its branches connect directly with the extremities of th^^ 
posterior cardinal veins, so that these receive blood from the^ 
tail also. In the region of the head kidney or pronephros (se^ 
below) each of these veins forms a large sinusoidal systeirM^ 
among the tubules of this excretory organ. Shortly after th^ 
opening of the mouth, as the definitive kidney or mesonephros 
(see below) commences to develop, the arrangement of the pos- 
terior cardinal veins is profoxmdly modified. The hinder part^ 
of the two veins begin to fuse together at about 15 mm., and 
ultimately form a median vessel, which may be termed the 
median cardinal vein (Fig. 68). Anteriorly this vessel effects a 
new and direct connection with the sinus venosus. 

This connection is brought about by the development of the 
posterior or inferior vena cava or postcaval vein. This important 
vessel is first indicated by the marking out of a definite pathway 
in the vessels of the dorsal side of the liver, vessels which are 
branches of the left vitello-intestinal vein (Shore). Thu 
vessel then leaves the surface of the liver and passes througl 
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the suspensory fold of the liver (mesohepaticum) to the right 
posterior cardinal vein, with which it connects, just in front of 
the beginning of the median cardinal vein {i.e., immediately 




..~fp^ 



Fto. 68. — The devdopmeot of the posterior part of the veaqus eyBtem in the 
'"t After Shore. A. Portioo of a transverse section through the posterior 
'MMMphric regioD of no 18 mm. tadpole. B. Diagram ot the veini of a 25-30 
Bid. tadpole. C. DiaETSm ol the veins at the adult frog, a. Dorsal aorta; c, 
*^ CKva; e, nuclei of the endothelial lining of the mesopheric sinus, continuous 
••Ui the vascular endothelium; /, femoral vein; V, iliac vein; Ic, lateral tnesone- 
f^c channel of the posterior cardinal vein; m, mesentery; mn, meeonephros; 
*i nnoDephric tubules; p. posterior cardinal veins (in C showing their original 
""wtion); j», pelvic vein; rp, renal-portal vein; rr, revehent renal veins; m, 
"iuic veto; ■(, nephrofltome; u, caudal vein; icm, median mesonephric channel 
°f IIm posterior cardinal vein; W, Wolffian duct; x, connection between caudal 
J^n and the lateral mesonephric channels; 1-1, part of the renal-portal vein 
'•»Bi«d from the lateral channel of the posterior cardinal; 2-2, part of the renal- 
fortil vein formed from the median channel of the posterior cardinal vein. 

posterior to the pronephric region). This new channel en- 
lirges rapidly and ultimately becomes the largest blood vessel 
*'f the body. Through the liver it passes directly to the sinus 
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venosus, and the hepatic vem comes to open directly into it 
instead of into the sinus venosus. 

As the pronephroi degenerate the pronephric sections of the 
posterior cardinal veins diminish also, and by the time of 
metamorphosis they have entirely disappeared. The ductAs 
Cuvieri consqeuently remain as the proximal parts of the 
anterior cardinal veins only, and are sometimes known as the 
anterior; or superior vence cavce or precaval veins. As the result 
of these changes, all of the blood from the posterior parts of 
the body wall, and from the tail, passes directly to the heart 
through the median cardinal and postcaval veins (Fig. 68). 

The development of the mesonephroi, which begins as the 
pronephroi diminish, entirely alters the relations of the median 
cardinal vein. On each side the tubular components of the 
mesonephros, whose development will be ' described below, 
push into this vein, dividing it roughly into three parallel chan- 
nels, one median and two lateral (Fig 68). The caudal vein 
remains for a time, opening directly into the posterior end of 
the median channel, while iliac veins, coming from the hind- 
legs, open into the lateral channels. The caudal vein dis- 
appears later, of course, while the iliac veins remain as th^ 
chief vessels leading to the mesonephric region. 

The arrangement of the vessels in the adult may now b^ 
imderstood easily. The iliac veins and lateral channels of th^ 
median cardinal vein, with which they are continuous, become 
the afferent or advehent mesonephric veins or the renal portOrl 
veins (Fig. 68, C). The small veins from the posterior body 
wall (posterior vertebral veins) oi)en into the renal portal veins. 
The vascular spaces of the mesonephros remain connected, 
by a series of short pathways — the revehent mesonephric or 
renal veins, with the median channel of the median cardinal 
vein, which therefore remains alone as the posterior continu- 
ation of the postcaval vein. 

Summarizing we may say that the inferior vena cava or post- 
caval vein is composed of four different elements. An hepatic 
section derived from the left vitelline vein, is followed by a 
short section which represents a new structure; next comes a 
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very short region derived from the original right posterior 
cardinal vein, and finally, the entire posterior section is formed 
from the median channel, derived from the fused right and left 
posterior cardinal veins. The renal portal veins consist of 
two sections: a posterior part is derived from the iliac vein, 
and an anterior part is formed from the lateral channel of the 
median cardinal vein, which represents the hinder part of the 
original posterior cardinal veins. 

A pair of lateral vein^ develops late, in the ventral abdominal 
wall, for a time opening directly into the sinus venosus. Pos- 
teriorly these connect with the iliac veins, and then continue, 
fusing together medially. The anterior portions of these ves- 
sels then lose their connection with the sinus venosus and the 
anterior part of the right vessel disappears entirely, the left 
vein forming a new connection with the hepatic portal vein, 
when it is known as the anterior abdominal vein. 

The rudiments of the pulmonary veins are indicated very 
early (about 6 mm.) as proliferations of the endothelium on 
the dorsal side of the sinus venosus (Federow). These cells 
later form a definite tube opening proximally into the left side 
of the auricle, and distally leaving the wall of the sinus venosus 
and passing dorsally to the rudiments of the lungs. At the 
base of the lung it bifurcates, each branch passing along the 
medio-ventral side of each lung rudiment. Later, when the 
lungs become functional the pulmonary veins discharge into 
the left auricle. 

5. The Lymphatic System and Spleen 

The first indications of this system appear shortly before 
hatching. In the larva of 6.5 mm. (Knower) a single pair of 
<^nterior lymph hearts is present, as small sac-like outgrowths 
^f a pair (usually the fourth) of intersegmental veins (i.e., veins 
'Winning between the fourth and fifth myotomes, and opening 
^to the posterior cardinal veins at the posterior limit of the 
pronephros). These hearts lie between the peritoneum and 
the mtegument, below the level of the myotomes. The 
endothelial wall of the lymph hearts is continuous with that 
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of the veins. Outside the endothelium is a syncytial layer 
or network of striated muscle fibers, which commence rhythmic 
contraction about the time the mouth opens. 

Shortly after hatching (7.5-8 mm.) two lymphatic vessels 
may be seen passing anteriorly and posteriorly from each 
heart, along the lateral nerve, in the connective tissue beneath 
the integument. The anterior vessel extends forward into the 
head region, while the posterior vessel extends along the sides of 
the trunk for a considerable distance. The openings of these 






Fio. 69. — Dorsal, lateral and ventral views of the lymphatics in a 26 mm. 
tadpole of R. temporaria. From Hoyer. For description sec text. 

vessels into the lymph hearts, and of the hearts into the veins, 
are guarded by long valves. These vessels are formed as 
blind tubular outgrowths from the endothelium of the lymph 
heart ; they grow rapidly and give off a rich network of fine 
lymphatic capillaries and vessels which spread generally among 
the other tissues and especially just beneath the skin. 

In the older tadpole of about 26 mm. (Hoyer) the lymphatic 
system is quite extensively developed. At this time the an- 
terior vessel runs forward and downward, connecting with a 
large lymj)]! sinus around the mouth and heart and branchial 
region (Fig. 09), while the posterior trunk passes to the base 
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of the tail, where it divides into dorsal and ventral branches. 
The dorsal and ventral branches of each side then unite forming 
two large vessels which extend through the tail, lying above 
and below the myotomes (Fig. 69). 

The large subcutaneous lymph sacs, so characteristic of 

both the tadpole and the adult frog, are formed very early 

from the network growing out from these vessels. The small 

lymphatics in the subcutaneous connective tissue branch 

abundantly and anastomose freely, forming a rich network; 

their walls then disappear and the wide lymph sacs are left, 

still connected with the lymph hearts by way of the lateral 

trunks described. 

The thoracic ducts also appear to arise from the anterior 
lymph hearts, as a pair of outgrowths which extend poste- 
riorly, between the dorsal aorta and the posterior cardinal 
veins. When the hind-legs appear, from one to three pairs of 
posterior lymph hearts develop in connection with the inter- 
segmental veins of the region, in much the same way that the 
anterior hearts developed. They open for a time into the pos- 
terior cardinal veins, and later, therefore, into the renal-portal 
veins, whether by the intersegmental veins or by the ischiadic 
branch is not clear. 

The spleen is first indicated in larvae of about 10 mm. by a 
collection of mesenchymal lymphoid cells in the mesentery, 
around the mesenteric artery, just dorsal and posterior to the 
stomach (Radford). These cells multiply and in a 15 mm. 
larva form a definite projection from the mesentery, covered 
therefore, by a coelomic or peritoneal epithelium. During 
this period of enlargement, the spleen appears to receive some 
cells which wander out from the intestinal epithelium. Later 
this organ becomes very vascular and in the 25-27 mm. 
larva it forms a definite ovoid body, in the position where it is 
found in the adult. 

6. Tlie Formation of the Septum Transversum 

We have seen that the pericardial cavity is formed as a 
median ventral section of the coelom. This remains completely 
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closed anteriorly and laterally, but posteriorly it is at first 
directly, though incompletely, open into the general body 
cavity or peritoneal cavity. During the early stages the liver 
forms the hinder wall of the pericardial cavity, medially, but 
it still remains open postero-laterally, either side of the liver, 
and medio-ventrally, below it. When the ductiis Cuvieri are 
formed, passing from body wall to sinus venosus, they traverse 
this region of the coelom and aid in establishing the hinder wall 
of the pericardial cavity. Incomplete peritoneal folds from 
the body wall accompany the ductals Cuvieri from the body wall 
to the heart; these are known as the lateral mesocardia. Dor- 
sally the lateral mesocardia remain incomplete for a long time, 
but ventrally they gradually extend to the body wall entirely 
across the ccrlom and form a complete ventral partition, be- 
tw^een pericardial and peritoneal cavities. The transverse peri- 
toneal fold thus formed is the pericardio-peritoneal septum, or 
septum transversum. Its median ventral portion appears to be- 
formed by the peritoneum originally covering the anterior fac 
of the liver; this separates from the liver and becomes add 
to the septum transversum. On the right side it becom 
continuous with the posteriorly directed suspensory fold of th^^E 
liver (mesohepaticum). Not until after metamorphosis is tik^m 
septum transversum fully united dorsally wdth the dors^sd 
mesentery, and the separation of the pericardial and peritone.^»J 
cavities entirely completed. 

VI. THE URINOGENITAL SYSTEM 

The excretory and reproductive systems develop independ- 
ently and at widely different times, but in their definitive 
state they form a complex, in which structures orignally ex- 
cretory, have assumed morphological and functional relations 
with the reproductive system, while other parts function, at 
different times, both as excretory and reproductive organs. 

1. Tlie Excretory System 

A functional excretory system is already established, before 
the rudiments of the reproductive system have more than made 
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their appearance. This is the embryonic or larval pro- 
nephric system or larval kidney, known also as the head kidney. 
This kidney is limited to early larval life and is replaced during 
the tadpole stage by an excretory organ which remains the 
definitive kidney of the adult; this is the mesonephros, which, 
it should be noted, retains as its efferent duct, the duct of the 
original pronephros. We have then to describe the development 
of the pronephros and the pronephric duct, the development 
of the mesonephros, and the disappearance of the pronephros. 
We shall see how, during the later stages, the arrangement of 
these parts is complicated by the relation between the excre- 
tory and the reproductive systems. Since these organs are 
symmetrically paired we may describe only the organs of one 
side. 



A. THE PRONEPHROS AND THE PRONEPHRIC DUCT 

hi a preceding section we described the position and rela- 
tions of that part of the mesodermal somite known as the inter- 
niediate cell mass or nephrotome, and said that this formed a 
nidiment of the pronephric system. The first indication of the 
pronephros is seen before the nephrotomal region has separated 
from either the myotome or the lateral plate, as a solid thicken- 
ing of the somatic mesoderm anteriorly (Fig. 70, B). This 
thickening, which begins before the cavity (coelom) of the 
lateral plate and nephrotome appears, gradually extends 
posteriorly along the nephrotomal level, and finally reaches to 
the region opposite the cloaca, although this is not until the 
anterior part of the rudiment has become quite markedly dif- 
ferentiated. Anteriorly, in the region of somites 2-4, the 
pronephros itself is formed, while the posterior remainder forms 
^te pronephric or segmental duct. As the thickening of the 
anterior pronephric region becomes marked, the rudiment here 
'^gins to extend ventro-laterally, like an epaulet, over the outer 
surface of the dorsal margin of the lateral plate (Fig. 70, C). 
Spaces appear in this cell mass, about the same time that the 
<^oelom appears in the lateral plate; in the lateral or distal part 
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of the thickening a continuous space is formed, from which 
there extend medially or proximally, toward the lateral plate, 
three small irregular canals which open into the upper margin 




Fio. 70. — Sections tbrouKh frog embryos (S. lyhatica) illustratiiis the toni>^ 
tion of the pronephros. After Field. A. Through the &Dterior body regjoo of ^ut 
embryo at the commcnrement of its cloDKBtioo. B. ThroURh the anterior exid 
of the pronephric rudiment of an embryo ia which the neural folds are Juat 
closed together. C. Through the second nephrostome ot an embryo of aboil* 
3.5 Dim. e, Cirloni: ca. rudiment of proncphric capusle; cc, eommunicat'a IV 
canal; er. ectoderni; fn, endodcrm; g. gut cavity; mp, medullary plate; •wrtt, 
myotonic; myi, second myotome; n, notochord; ne, rudiment ot neural cr^»«t; 
(1, »i. first and geeond proncphric nephrostomes ; »c, spinal cord; sn. subnoto- 
cbordal rod (bypochorda) ; lo. somatic layer of mesoderm (in A the r ' 
line points to the rudiment of the pronephros); tp. splanchnic layer ot m 
(, pronephric tubule; r, vertebral piste of mesoderm. 

of the ca'lom of the lateral plate opposite the middle of each of 
the throe proncplu-ic somites (Field). From the posterior 
end of this [jcripheral space or common trunk, the cavity leacfca 
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directly into the cavity of the pronephric duct, which is con- 
tinuous posteriorly with this portion of the pronephric 
rudiment. 
There are now established the primary elements of the 

pronephros. The three short canals with their cellular walls 

are the rudiments of the three pronephric tvbulea, and their 

openings into the ccelom are the nephrostomes. The tubules 

uid also the proximal part 

of the pronephric duct, 

now elongate rapidly, and 

as a consequence become 

thrown into complicated 

loops and folds (Figs, 71, 

72) forming a conspicuous 

mass whose position is 

marked externally by a 
slight elevation. The pro- 
nephric duct gradually ac- 
<|Ure8 a lumen throughout 
*t8 extent; at about 4.5 
*<in. the duct effects a 
Ccnnection with the wall 
^f the cloaca, and its 
^«vity then opens into the 
^loacal chamber (Fig. 54), ^^^ ,^ __^ ^^ 
T^he nephrostomea become <>(">« ffB tR- ^yivtui . _ 

15 J . , , ... , . , Right pronephros of an embryo of about 3.5 

■■■Jiea With large cilia which mm. The crOBses mark the location of tho 

J>loduce a current out of 
the ccelom, passing by way 
^^i the pronephric duct to 
^ke cloaca. 

Ueanwhile the pronephros acquires a rich vascular supply, 
tkcth arterial and venous. It will be remembered that the 
iHBterior cardinal veins are passing along the pronephric ducts, 
^^d in the region of the pronephros itself these veins become 
feieatly enlarged. As the pronephric tubules elongate, they 
F>«sh up into the posterior cardinal sinus, which is ultimately 




Right pronephros of a 
larva of about 6 mm. First tubule dottedi 
second white; third obliquely ruled; pro- 
nephric (seRmental) duct shaded with lines. 
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nearly filled by them. Each tubule carries around it a reflected 
layer of the thin vascular wall and so is completely bathed in 
the venous stream (Fig. 72). 




Flu. 72. — ^Spctions through frog liir\'ee jlluBtrBlinit the later di>velopineD*> <■ 
the proneiihriia. A. ThrouRh the first nephrontome of a larva of ft. tutralice^- »' 
about » mm., with proniinrnt oxtornal idlls. After Field. B. Through the rep^'^ 
of thoxccond nciihroatume of a 13 mm. larva of R. lemporaria. After FQibrin.^C'- 
c, Ca-lom: cr. Minunea of posterior cardinal veio: eg, eitcrtial (lomeruluR: g. tf"' 
ea\'ity; gX, ganjttion nodosum (part of the ganglion of the vagua nerve) ; I. li-> *''' 
m, meivnrhyme: myi, serond myotome: p. peritoneum; "i. m, first and bccODO 
pronephrie nephroBtomes; Ir, i^ommon trunk; .Y, root of vagus nerve. 

At the same time an arterial supply is derived from t/ie 
dorsal aorta. Tliis h the proncphric glomus already mentioned- 
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The first indication of this is a horizontal fold of the splanchnic 
or medial wall of the dorsal coelom just opposite the second 
nephrostome. This fold appears at about 4.5 mm. and its 
development is in general parallel with that of the pronephros. 
It soon extends the entire length of the pronephric region and 
becomes considerably elevated, projecting freely into the 
coelom opposite the nephrostomes (Fig. 72). In it vascular 
spaces soon appear, some of which form the long convoluted 
vessels of the glomus proper, while others go to form a vessel, 
connecting with a branch of the dorsal aorta, which is ap- 
parently one of the segmental arteries passing ventrally from 
the aorta. Later this section of the body cavity is cut off, as 
tlxQ pronephric chamber, by the lateral projection of the lung 
(Fig. 72, B) which carries a fold of peritoneum across to the 
peritoneum covering the pronephros, with which it fuses for a 
^hort distance. This pronephric chamber remains open into the 
l^cdy cavity both anteriorly and posteriorly to the lung region. 
A definite pronephric capsule is formed early from two 
Sources. The ventro-lateral walls of the myotomes, which we 
-*^^ve seen give rise elsewhere to mesenchyme, here, in the pro- 
^^phric region, evaginate over the dorsal and lateral surfaces of 
*lie pronephros, and meet folds coming up from the somatic 
*^yer of the lateral plate (about 6 mm.). These folds form a 
definite connective tissue layer enclosing the pronephros and 
^he pronephric sinus of the posterior cardinal vein. 

The pronephros reaches its full development in the larva of 
^bout 12 mm., when it consists of a large mass composed of the 
foiled proximal end of the pronephric duct and the three 
"^Ubules, each of which has acquired blind tubular outgrowths, 
^he whole mass interpenetrated by the vascular sinus of the 
Posterior cardinal vein. In the larva of about 20 mm. the 
pronephros commences to degenerate. At this time the pro- 
nephric duct becomes closed just back of the pronephros; the 
"tubules become variously dilated and constricted, breaking 
^to irregular sections and gradually disappearing (Fig. 73, C). 
^*he nephrostomes approach one another and finally meet, 
opening into a common cavity known as the common nephro- 
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stome, which is then closed, and the nephrostomes thus cut off 
from the body cavity (Fig. 73, C). The glomus shrinks, and 
by the time of metamorphosis only a few scattered traces of 
the pronephros remain, although the glomus remains indicated 
for some months after metamorphosis. The pronephric ducts 
do not take part in this process of degeneration, posterior to 
the pronephric region; they remain, closed anteriorly. The dis- 
appearance of the pronephros is correlated with the develop- 
ment of the second excretory system, the mesonephros, to the 
formation of which we shall now turn. 



B. THE MESONEPHROS OR WOLFFIAN BODY 

This begins to develop in tadpoles of 8-10 mm. Its rudiment, 
is formed by the nephrotomes of the seventh to twelfth somites^ 
and it is consequently both somatic and splanchnic in origin • 
The nephrotomes of these segments fuse into a continuous 
longitudinal strip of irregularly arranged cells, lying betwee; 
the pronephric duct and the dorsal aorta, along the posterii 
cardinal vein. In this mass, cell groupings appear, formin.^ 
definite swellings of the cord. These are the rudiments of tkxc 
mesonephric vesicles; they are not strictly metameric, but ai*e 
somewhat more numerous than the mesodermal segments. 

All of these rudiments have essentially the same history 
(Hall). First each becomes divided into a large ventral 
chamber and a small dorsal one; the larger chamber is a primary 
mesonephric unit, the smaller a secondary mesonephric unit (Fig- 
73, B). The secondary units divide similarly, though mfipb 
later, into secondary units proper and tertiary mesonephric 
units. All three series of units develop similarly though suc- 
cessively, and we shall therefore describe only the history of 
the primary series. 

From the vesicular primary unit two outgrowths are formed 
(Fig. 74). One, known as the inner tubule, extends dorso- 
laterally to the pronephric duct and opens into it. The 
other, the outer tubule, grows ventro-medially to the peritoneum 
with which it fuses and opens into the body cavity. The 
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connections of the inner tubules with the pronephric duct 
convert this into the mesonepknc or Wolffi^in duct, which 
remains as the ureter of the meeonephros or definitive kidney. 
The inner tubules elongate and become coiled, forming the 
tubular portion of the later kidney. 




Flo. 73. — Sectioni through the developing meaonephros and the c 

nephraatome of R. tjfivatiiM. Alter Hall. A. Section through the eighth vomits 

~' an 8.5 mm. larva. B. Section through the mesonephric rudiment of a 25 mm. 

rn. C. Section through the common nephroatomo of a 25 mm. larva, a, 

DonsI aorta; c, cceloir: en, common nephroatome; g, germ cell; i. inner tubule; 

*«. mMonephric rudiment; my. myotome; o, outer tubule; p. remains of prone- 

Phna: pc, poaterior cardinal vein; t, ahelf cutting off the common nephroatoroe 

from the remainder of the ccclom; <o, Bomatic meaoderm; »p, splanchnic meeo- 

<Wis; W. Wolffian duct; /. primary meaonephrio tubule; //. Becondaiy meso> 

nphric tubule. 

Subsequently the outer tubules have a rather unusual history 
in the frog. From the proximal portion an outgrowth appears, 
irhich forms the capsule (Bowman's capsule) around the glo- 
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merulus associated with each tubule, the two forming the 
Malpighian body. Each glomerulus is connected with a small 




Fio. 74. — Series of diaKrams illiutrating the development of the primal? 
meaonephiic tubules in R. syhatica. After Hall. The WoIIEbd duct is drswD 
in outJine simply. The mesonephrjc vosicloa are shaded; the oomalic part of 
the tubule ia shaded by continuous lines, the Bplanchoic part by dotted liiM* 
A. Wolffian duct and simple mesoncphric vosirle. B. Mesonephric veeida 
dividing into the large primary mesonephric unit and the small dorsal chamb^- 
The lattiT elonRat«a antero-poateriorly and represents the rudiment of tfc* 
secondary and later mesonephric units. C. Formation of the rudiment of (i» 
inner tubule. D. Inner tubule extending upward and toward the meeonepbnc 
duct; formation of rudiment of outer tubule. E. Outer tubule fused with peri- 
toneum and rudiment of nephrostome thus eslabiiahed. Bowman's capsule fonn- 
ing. Commeneenient of differentiation of eecoadary mesonephric tubules. ^• 
Separation of nephroBtomal rudiment from remainder of (ubulc. G. ConnecIioD 
cf nepliroatome with branch of po.iterior cardinal vein. Separation of aecoDctsry 
tubule, and l>eginning of tertiary tubule indicated, c. Bowman's capsule; i, iiac' 
tubule: n, nephrostome; o, outer tubule; p, peritoneum; v, branch of posterior csT' 
dinal vein; /, primary mesonephric tubule; //. secondary mesonephric tubule; ff/i 
tertiary mesonephric tubule. 

twig derived from the dorsal aorta, and structurally resembles 
essentially a miniature glomus like that of the pronephroB. 
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This part of the outer tubule now separates from the remainder, 
retaining the connection with the inner tubule, while the distal 
part retains its connection with the body cavity; this con- 
nection now becomes ciliated and forms a typical nephrostome. 
This nephrostomal region is short and effects a new connection 
at its inner end, with the sinus of the posterior cardinal vein. 
It w-ill be remembered that, as the tubules of the mesonephros 
enlarge (15 mm.) this body seems to extend freely into the 
pasterior cardinal vein, which has a sinusoidal character here 
and interpenetrates the substance of the mesonephros, its walls 
being closely reflected around the surfaces of the tubules. 

During the later development of the mesonephros, the sec- 
ondary and tertiary units acquire, similarly, connections with 
the mesonephric duct, Malpighian bodies, and nephrostomal 
connections with the body cavity and cardinal vein. Addi- 
tional outer tubules and nephrostomes are formed later, but it 
is not clear whether they form as independent evaginations 
of the peritoneum or by splitting off from those previously 
formed; perhaps both processes occur. The number finally 
formed is very large (about two hundred according to Marshall 
and Bles.) 

Upon the development of the reproductive organs certain 
of the mesonephric tubules become modified and take on new 
functions; these processes will be described below. 

Just before metamorphosis the urinary bladder appears as a 
Median ventral evagination of the wall of the cloaca, nearly 
opposite the openings of the mesonephric ducts or ureters. The 
^diment forms just at the border between the ectoderm and 
^tidoderm lining the cloaca. It is at first a long narrow sac, 
directed anteriorly; later its diameter increases and as it 
Enlarges it becomes bifid at its extremity. 

2. The Reproductive System 

In order to make the devlopment of this system easier to 
understand we may first repeat, very briefly, the arrangement 
and composition of the adult system as described in the pre- 
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ceding chapter (Figs. 24, 25). In the male each of the paired 
testes, suspended from the dorsal body wall by a double fold of 
peritoneum, the mesorchium, is connected by a series of small 
tubules, the vasa efferentia, with the upper end of the Wolffian 
duct or mesonephric duct. The vasa eiferentia are modified 
mesonephric tubules, and the mesonephric duct therefore 
functions here both as excretory {ureter) and reproductive 
{vds deferens) duct, i.e., as a urinogenital duct. The homolog 
of the oviduct or MiiUerian duct of the female, is represented 
in the male by a vestigial cord. 

In the female the ovaries are similarly suspended by mes- 
ovaria. They are not directly connected with the reproductive 
ducts or oviducts, and consequently, in this sex the Wolffian 
or mesonephric duct remains purely excretory in function 
(ureter). The oviduct is a long convoluted tube which de- 
velops from the {peritoneal epithelium, quite independently of 
the excretorv ducts. 

A. THE GONODUCTS 

It will be convenient to describe the formation of the gono- 
ducts first. The vas deferens of the male is the original meso- 
nephric duct or ureter, and nothing need be added to the account 
of its development given above, save to point out that in con- 
nection with each duct a glandular seminal vesicle develops, 
just in front of the opening of the duct into the cloaca. In the 
female the mesonei)liric duct remains unmodified, and the 
seminal vesicles are barely represented. 

The Mullerian ducts for a long time develop similarly in both 
sexes, although they become fully developed and functional, as 
the oviducts, only in the female. The Mullerian duct appears 
during the early stages of the degeneration of the pronephros, 
just beneath the common nephrostome, the formation of which 
has been mentioned. Here a peritoneal proliferation forms an 
elongated thickening along the dorso-lateral wall of the body 
cavity. From the dorsal border of this thickening a thin shelf 
of cells forms and projects downward (Fig. 75), parallel with 
the peritoneal thickening. The free lower margin of this shelf 
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or flap then fuses with the peritoneal wall forming a short 
compressed tube open at both ends. This tube then extends 
anteriorly and posteriorly : anteriorly it reaches to the anterior 
end of the body cavity and then turns ventrally, stopping near 
the base of the lung, where its open end forms the rudiment 
of the ostium or infundihulum of the oviduct. Posteriorly the 
formation of the shelf and its closure continue parallel with 
and just to the outer side of the mesonephric duct, and entirely 




Fio. 75. — Sectioos through Che developing MQIIeriEin duct of a 34 mm. tadpole 
ol R. tyl'otica- After Hall. A. Section pasBing through the beBinnitig of the 
MOUeriaD evagination. B. Section posterior to A. Duct eetablUhed but still 
mDnect«d with peritoneum. C. Section still farther posterior, showing the 
wparstion of the duct from the peritoneum. M. MQllerian duct; j), peritoneum; 
I. Uurd pronephrio tubule. 

independent of it, until it reaches the cloaca, with which it 
connects some time after metamorphosis. 

In the male the development of the Miillerian duct ceases at 
this stage, but in the female it continues to thicken and to 
elongate, so that it becomes entirely free from the body wall, 
tbou^ remaining suspended from it by a double fold of peri- 
toneum; finally it acquires the characteristics described in the 
bc^inDing of the preceding chapter. 

B. THE GONADS 

TTie primitive germ cells are distinguishable quite early 
(about 6 mm.) as a definite though slight ridge along the 
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median doi-sal side of the endodermal wall of the iutestine. 
The ceils composing tliis ridge resemble closely the other cell.-! 
of this part of the enteric wall, and are to be distinguished 
chiefly by their behavior (Fig. 76, A.) Tlie mesentery is formed 
shortly after this stage, and when the mesodermal folds i 




Ptcl. 76.— Sections showinR the oriein al the wi-cells (gpriu rdls) fo ^ 
tyltalica. After .\IIen. A. B. Sections of a 7.5 mm. lurva showing (J) sei-r*" 
ridge of endoderm and (B) itsseparation as the sex-cell cord. C. Pari of o >«»"■ 
of an S.3 mm. larva shovring the bejjiixniiig of the inigratioii of the sei^w* 
a, Dorsai norts: eh, notucburd; er, posterior cardinal vein: e, endodcrn i^*' 
e. But cavity: 'i lateral plate of mesoderm: Bi, mesentery; mn, myolnme: H. atf^ 
oord; jf, aex-cetl cord; eeh, subchordal rod (hypochordu): ir, sex-csU rills'' 
W. Wolffian duct. 

in toward the mid-line, above the gut, this ridge of primitive 
germ cells seems to separate from the gut and to move doreallVi 
so that when tlie mesentery is formed they are found in it^ 
base, near the body wall (Fig. 76, B, C). Here they form i 
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definite median strand of cells between the posterior cardinal 

veins (8-9 mm.) (Allen). 

This germinal strand now divides longitudinally and the 

halves move more laterally, projecting slightly into the body 

cavity as the genital ridges, near the attachment of the mesen- 
tery and just beneath the cardinal veins. The genital ridges 
now become more conspicuous through the proliferation of the 
primitive germ cells and the peritoneal cells covering them, to 
which are added mesenc'^yme cells 
from the body wall. In this cell mass 
the mesenchyme elements are con- 
cerned in the formation of the stToma 
oftheridge. Theperitoneumcontinues 
to form a thin superficial covering and 
later forms the suspensory folds (mes- 
ottAmi, mesovaria) of the gonads, as the 
ridges may be called when they pro- 
ject freely into the body cavity. As 
the primitive germ cells begin to 
iiultiply, they form the nests of cells 
described in the preceding chapter, 
the further development of which 
need not be repeated here. 

Before metamorphosis begins the 
anterior third or half of each genital pole of r. umpoi 
ridge commences to degenerate and prlmiiivs germ « 
becomes converted into the /a( body •*''>'; "■ "ncBta' 
(see above). The posterior portion germ ceiii 
^ previously acquired secondary *"" '^™'^^' 
connections with the mesonephric duct in the following man- 
Ott, From the stalks of a few (7-8, Nussbaum) of the Malpi- 
0uan bodies of the posterior part of the mesonophros, there 
pow out solid strands of cells known as the serual cords. 
These become tubular and gradually extend downward into 
the substance of the gonad, eitlier forming or connecting 
irith spaces within this organ (Fig. 77). From this point 
coward their history is different in the two sexes. In the 




ata" formed by 
of the primitivo 
, Ronital straod 
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male, the sexual cords, after metamorphosis, establish in- 
timate connections with the cavities of the testis and form 
the efferent ducts (vasa efferentia) by which the spermatozoa 
are conducted from the gonad to the gonoduct (vas def- 
erens). In the female, while the intragonadial portions of 
the sexual cords may give rise to cavities there, the parts 
connecting the gonad and the mesonephros undergo degenera- 
tion and remain vestigial in the adult, forming what is known as 
Bidder^ s organ. 

The sexes are morphologically indistinguishable during the 
early stages of development, and in R. temporaria it is not until 
the tadpole reaches a length of about 30 mm. (Bouin) that the 
sex can be distinguished. About this time the ovary acquires 
a central lumen; the sex cords appear larger in the male, and 
the form of the nests of germ cells can be distinguished, in that 
in the testis groups of similar cells are formed while in the ovary 
the cells become arranged as a follicle surrounding a large cen- 
tral primitive ovum. 

3. The Adrenal Bodies 

The adrenal bodies of the adult frog consist of a thin layer of 
irregularly distributed tissue on the ventral surface of the pel- 
vic portion of the mesonephros and intimately connected with 
it. Histological examination shows that the tissue consists 
of a coarse network of cell strands with occasional groups of 
darkly staining "phseochrome" tissue. The spaces within this 
meshwork are occupied by sinusoids of the efferent renal (me- 
dian posterior cardinal) vein. These two kinds of tissue are 
known res{)cctively as the cortical and the medullary tissues, 
not because they have such a relation here, but because the 
corresponding elements of the adrenals in higher forms have 
such a disposition. 

The cortical substance of the adrenal appears first, in the 
larva of about 12 mm. in the form of small cell groups along 
either side of the wall of the median posterior cardinal vein 
(Fig. 78, .4). They lie below the level of the mesonephroi, and 



THE LATER DEVELOPMENT OF THE FROG 



207 



beneath the peritoneal epithelium from which they appear to 
have arisen. Just after metamorphosis these cell groups 
separate from the peritoneum, and begin to send out branching 
and anastomosing processes which soon form a network, like 
that of the cortical substance of the adult. 

The medullary or phieochrome substance is derived originally 
from ganglia of the sympathetic nervous system. After the 
central network is established there appear within the sym- 
pathetic ganglia of the mesonephric region groups of cells, the 
precise origin of which is not clear, having the properties of 




Fia. 78. — FartB of seotiooB through youog A. temporarui, showing th« onBiii 
d (Its adrenal bodies. After Srdfoko. A. Through 30 mm. tadpole. B. 
^^Dch II mm. frog after metamorphoeia. a. Dorsal aortn; ac. cortical cella 
«( tdrenal body; am, medullary eella of adrenal body: d, ponnective tlMue; 
K loud; at, Byropathetic ganglion; m, meBentery; n, mesonephroa; n, revehent 
tiul vein: >, vena cava: x, point where ganglion cella enter mesonephroa and 
xlitnijbody. 

'hwe plueochrome cells. Some of these cell groups remain 
in the sympathetic ganglia, while others appear to migrate into 
the rudiment of the adrenal body, where they become scattered 
through the cortical tissue (Fig. 78, B) . The method by which 
they extend into the adrenal is not clearly known in the frog. 



VII. THE SKELETON AND TEETH 



In describing the development of the skeletal system we 
shall limit our account to the establishment of the essential 
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structures of the tadpole, merely indicating the trend of later 
development. The later history of the skeleton falls largdy 
without our province. 

1, The Vertebral Column 
The formation of the notochord has been described pre- 
viously, but its differentiation deserves a further word. The 
chorda cells early become flattened 
antero-posteriorly, and about the time 
the embryo begins to elongate, vacuoles 
appear within the protoplasm of the 
cells and also between adjacent cells. 
The chorda becomes surrounded by 
three sheaths. The primary or elastie 
sheath is formed on the surface of the 
chorda by the action of the super- 
ficial chorda cells. The secondary or 
fibrofis .sheath is formed within the pri- 
mary sheath by the chorda epithelium, 
which i.s composed of a layer of cells 
just within the primary sheath. Con- 
siderably later a skektogenous sheath is 
laid down outside the primary sheath; 
this is formed by the sclerotomal out- 
growths of the somites, whose forma- 
tion was described above (Fig. 79). 
The skeletogenous layer is continued 
dorsally around the nerve cord, and 
it also extends a short distance later- 
ally from the chorda, l)etweeii successive myotomes. 

The vertebral column is formed within this skeletogenous 
layer. First there api)ears (about 15 mm.) a metameric series 
of cartilages, along the dorso-latoral surfaces of the chorda 
in the base of the neural arch. A metameric series of cartilages 
appears also in th(' skeletogenous layer along the median ven- 
tral surface of the chorda (Fig. 79). The cartilages of tht 
dorsal aeries Ijccome unitwl on each side, so that a pair of con- 




FiQ. 79.— T: 
tioii through the vertebral 
columo in the body renion 
of a larva of Xcnopui capeti- 
tU, Aft«rSchauiDtilanil 
Notoc^hurd; d, durHitl v 
tebral carlilaRinous arrh 
inner chorda sheath of hcIc- 
rotomc; n, nerve cord; 
chorda Kheath; I, pitriehi 

ventral (hypochordal) ver- 
tebral eartilnge. 
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tinuous strips extends along the entire chorda, while the 
ventral elements similarly fuse forming a median ventral strip. 
Separate vertebrae now become marked out by the appearance, 
in these continuous cartilages, of metameric rings of fibrous 
tissue; these are the beginnings of the intervertebral ligaments. 
They appear opposite the middle of each mesodermal segment, 
consequently the segments of the vertebral column (vertebrae) 
alternate with the muscle segments. Cartilage now begins to 
fonn across the notochord, between successive vertebrae, so that 
the notochord becomes completely segmented, remaining only 
intravertebraUy, In each of these transverse partitions appears 
a curved split, concave anteriorly. The intervertebral carti- 
lages then fuse with the adjoining vertebrae and thus determine 
the procoelous character of the vertebral centra. 

The ventral cartilages now grow up around the sides of the 
chorda, meeting and fusing with the dorsal series. From the 
former there extend outward short cartilaginous processes 
which become the transverse processes of the vertebra. Later- 
ally from these, bits of cartilage are formed later which repre- 
sent ribs. These fuse with the tips of the transverse processes 
80 that no separate ribs are subsequently distinguishable. 
In the meantime outgrowths from the dorsal elements have 
extended inward beneath the nerve cord, as well as laterally 
and dorsally to it (neural arch). 

Bony tissue appears first, before the beginning of metamor- 
phosis, in the region between the dorsal and ventral series of 
cartilages. It soon invades the entire cartilaginous structure, 
forming a complete shell around the intravertebral notochordal 
remains, and dorsally around the nerve cord. In addition to 
the articulation of the procoelous vertebral centra, intervertebral 
^iculations develop on short processies of the neural arches. 
The foregoing description applies only to the nine vertebrae of 
the body. In the greater part of the tal cartilage is not formed. 
But in the region of the future urostyle three longitudinal strips 
of cartilage are formed as in the trunk, but these fuse completely 
enclosing the chorda in a cylinder of cartilage which is never 
/segmented into vertebrae. 
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2. TheSkuU 

The fully formed skull is a complex organ formed by the 
association, and more or less extensive fusion, of several diverse 
elements; these are (a) the cranium, (6) the sense capsules, (c) 
the visceral arches (in part), (d) the notochord (in part), (e) 
vertebral elements, (/) membrane or derm bones. Before pro- 
ceeding to describe the formation and association of these ele- 
ments in the frog, we should note that here no embryologically 
distinct vertebral elements are included in the skull; their 
inclusion in the above list is based upon phyletic and compara- 
tive grounds, and upon the behavior of the anterior somites. 

A. THE CRANIUM AND SENSE CAPSULES 

In tadpoles of about 7 mm. the first rudiments of the cranium 
are formed as a pair of curved strands of dense tissue, soon 
becoming cartilaginous, along the ventro-lateral surfaces of the 
fore-brain. These are the rudiments of the trabeculx or tra- 
hecular cartilages (Fig. 80, A). They rapidly extend forward 
and fuse across the mid-line between the olfactory organs, 
forming there the rudiment of the interruisal plate; each rod then 
continues forward as the trabecular comu, which expands 
slightly, partly enclosmg the olfactory organ and forming the 
olfactory capsule. In front of the olfactory capsule the trabecule 
unite with the rudiments of a pair of lahial or suprarostral 
cartilages^ lying in the extended upper lip. Posteriorly the 
trabeculae ext-end beneath the mid-brain, embracing between 
their ends the anterior extremity of the notochord, which it 
will be recalled extends forward to the mid-brain region. Soon 
similar tissue thickenings extend posteriorly each side of the 
notochord in the hind-brain region; these are the indicatio 
of the paraclwrdce or parachordal cartilages. The rudiments o 
the parachordals now fuse with the posterior ends of the tra 
becula?, enclosing the tip of the chorda and forming a continuous 
plate beneath the hind-brain, known as the parachordal 
(Fig. 80, ^). 



I 
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In the tadpole at this stage {shortly after hatching) there are 
present also rudiments of parts of the visferal arches; the general 
development of these will be described below, but it is necessary 
to mention here one of these elements, the palalo-quadrate, since 

I from the beginning it takes part in the formation of the cranium. 
The paired palato-quadrate rudiments are formed as Bhort, 




I 



Fio. 80.— DofHal viena of the ehandrocranium of tbe frog larva. /, Chondro- 
ninium nf a 7.h mm. larva of R. lemporaTia. Alter Gaupp. from Sldhr-Ziegler 
model. B. Chondropraiiium of a 14 mm. larva of R, fueca. After Gaupp, froiu 
ZiiCler model, a. Auditory capsule; bp. basal plutu: c. DOtochord: cf, u-Dberular 
^VDu: /• baaicramal foDtanelle; in. internaaBl plate; i>. infraroBlral carlilage: 
/ jugular foramcD (for IX and X cramal nerves); m. muscular process: M. 
Mwlwrsearlilage; mo. mesotic cartilage; o, occipital process; po. anterior ascond- 
'«l process of palalo-quadrate cartilase; pi, parachordal plate; pp, posterior 
"'cndiDs process of palato-quadrate cartilaKo; pq, palato.guadrBte cartilace; 
". «pr»ro«lral cartilage; I, trabecular cartilage. 

flattened, crescentic rods, lateral to the trabeculff. They 
*Win connect with the trabecule by anterior ascending processes 
* short distance back of the olfactory region, and by posterior 
^^Ktnding processes opposite the extremity of the chorda. The 
rudiments of the cranium thus market! out are now converted 
mto a continuous cartilaginous structiu-e having the appearance 
iltufltrated in Fig. 80, .4 . Thelarge bad-cranial fnntanelk in front 
(if the chorda is the seat of the infundibulum and pituitary body. 
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Immediately subsequent events concern chiefly the posterior 
part of the cranium. The auditory organ becomes partially 
enclosed by a connective tissue capsule which is early chon- 
drified, forming a cap open toward the mid-line (Fig, 80, B). 
A cartilage (mesotic cartilage) then extends posteriorly and 
laterally from the parachordal plate and becomes united 
with the auditory capsule by anterior and posterior ventral 




Fia. 81. — ChoDdrocraniuni of 29 mm. larva of ft. fusra. Afler Gaupp. from 
Ziegler. To the left, the ventral surface: to the right, the dorsal surfnee. a, 
Auditory capsule: bp. banal t^ate; c. notochord: el. trabecular cornu: /. baii^, 
oranial fontaueile: fa, foramen for carotid artery; fm. foramen niuKDUin; /<k 
torsmen for olfactory nerve; I'r. infraroatml cartilasc; j. jugular foramen (i^ 
IX and X craoial nerves; I, perilymphatic foramina; m, muscular prorcca; 1^ 
Meckel's cartilage; o. otic process of palato-quadrate; pf, palatine foramos^. 
pq. palato-quadrate carlilage; <r. BUprarostral cartilage; f, trabecular chitHVK^'; 
t, secondary fenestra veetibuli. 

connections, leaving between them a wide space. Posteriw/r 
to this mesotic cartilage the floor of the cranium is continued 
as the occipital cartilage. This also fuses with the floor of 
the auditory capsule leaving, however, a small space whick 
represents the jugular foramen transmitting the LX and S 
cranial nerves. The floor of the posterior part of the craoium, 





THE LATER DEVELOPMENT OF THE FROG 213 

composed of the occipital and mesotic cartilages and the 
parachordal plate, is known as the basal plate. 

By the time the tadpole has reached a length of about 14 
mm. the chondrocranium has acquired the form shown in 
Fig. 80, B, A still later stage is illustrated in Fig. 81. Com- 
parison of these two figures brings out most of the facts of 
later development. We need therefore mention specifically 
only a few details. Xo traces of the notochord finally remain; 
it is partly replaced by, and partly converted into cartilage of 
the basal plate. The occipital region slowly extends vertically 
forming the hinder wall of the cranial cavity, and fuses exten- 
sively with the auditory capsule. Finally the occipital cartilage 
extends dorsally around the nerve cord, enclosing the foramen 
magnum. In the frog the occipital cartilage shows no definite 
indications of its vertebral origin. 

The auditory capsule becomes more complete externally, 
remaining open into the cranial cavity by a large foramen. 
From the inner surface of the capsule cartilage grows in, sur- 
rounding the elements of the membranous labyrinth previously 
described. On the outer side of the capsule an opening is 
formed, the secondary fenestra vestihuli, which becomes plugged 
by the movable operculum. In connection with the ear we 
described above the development of the plectrum or columella, 
and its connection later with the annular cartilage in the 
superficial tympanic membrane. We should repeat that the 
columella is not related with the elements of the visceral 
skeleton in the frog. 

In the orbital region the trabeculae gradually grow across 
the basicranial fontanelle, closing it and forming the floor of 
this part of the cranial cavity. They also extend vertically 
forming the lateral walls of the cranial cavity, separating it 
from the orbits; these walls are perforated only for the passage 
of nerves and blood vessels. Anteriorly, cartilages from the 
trabecute also extend dorsally across the mid-line forming a 
narrow dorsal bridge. The large supracranial fontanelle 
between this bridge and the supraoccipital region is not 
closed by cartilage. 
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Fio, S2.—A. Anterior porlion of phondrocranium of R. /uaea during ineta- 
raurphosis. Latorol view. After Gaupp. from Ziegler. B. SkuJl of 2 cm. 
R. fiuca. aft«r metamorphosia. Doraal vieir. Membrane boDes removed from 
left aide. After Gaupp, from Ziettler. a. Auditory capaule; am, anterior mazil- 
lary process; an. anuuluB tyuipHtucus; art, artioutor process of palatu-qusdral* 
oartilagc; «>. exoccipital bone; /, froato-parietal bone: /po, prodtic foramen: mi. 
maxillary bone: n, naaal bone; o, oltaetory cartilaitea; on, orbito-nasal foramen; 
pa, anterior ascendiuK procctu of palato-quadrate; pg. pteryBoid bone; pt, 
ploetnim: pn, posterior maxillary process; pp. posterior asnendiiis process oi 
palato-quadrale: pq. palato-quadrate rartiiage: pi, pteryitoid proeoaa of palato- 
quadrate; px, premaxillary bone; nj, quadrato-jugal bone; //. foramen for oplje 
nerve: ///, foramen for III cramal nerve: ^^, foramen for IV eranial nerve. 




THE LATER DEVELOPMENT OF THE FROG 215 

The ethmoid region remains comparatively simple throughout 
the tadpole stage; its extreme complication comes later. 
During the larval period the intemasal septum extends dorsally, 
forming the anterior wall of the cranial cavity, perforated by 
the olfactory nerves. The trabecular comua remain separate 
from the olfactory capsules and connect anteriorly with the 
fiuprarostral or labial cartilages. During metamorphosis the 
labial cartilages and the anterior ends of the cornua disappear 
in front of the olfactory capsules (Fig. 82). 

The formation of the bony elements of the skull occurs 
relatively late in the frog. As a matter of fact, the derm or 
membrane bones appear before those which are formed in the 
cartilage cranium, but they will be described later. There 
are, in the frog's skull the following elements formed as carti- 
lage bones in the origmal cranium. 

(a) The exoccipUals {lateral occipitals) which form from the 
posterior parts of the occipital cartilage and auditory capsule; 
the occipital condyles and the median dorsal and ventral parts 
of the occipital region remain cartilaginous. 

(6) The prootics, which form from the anterior parts of the 
auditory capsules and the parts of the basal plate and orbital 
region adjacent to the auditory capsules. 

(c) The columellcBf whose development has been described in 
another place. 

[d) The ethmoids which form as vertical elements in the 
anterior part of the inner wall of the orbit; later the two eth- 
moids unite above and below, forming a band-like element 
around the cranium. This is often known as the sphenethmoid 
or Qrhuo-sphenoid. 

In the palato-quadrate cartilage, bone appears only in the 
i^on of the articulation With the lower jaw (see below). 
This region does not form a distinct element of the skull, how- 
ever, but unites with a membrane bone, the two together 
fonning the quadrato-jugal. 

With the exception of the ethmoids, these elements are all 
present by the end of metamorphosis: the ethmoids form some 
weeks later. 
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B. THE VISCERAL ARCHES 

The elements of the visceral skeleton are formed in the 
pharyngeal visceral arches, which are established by the fusion 
of the serial gill pouches wdth the ectoderm. We have described 
the formation of the mandibular, hyoid and four branchial 
visceral arches. In each of these save the last branchial, 
skeletal elements appear. The mandibular and hyoid skeletal 
arches appear about the time the full number of visceral 
pouches is established, as condensations in the mesenchyme of 
the visceral arch regions, soon becoming cartilaginous. The 
mandibular arch appears first as a short rod, lying transversely 
to the axis of the embryo, in the floor and sides of the mouth 
cavity (Fig. 57). It is very early divided into two parts, the 
separation between them marking the jaw articulation. The 
dorsal section, or upper jaw rudiment, known as the palato- 
quadrate, has already been described; the ventral section, or 
lower jaw rudiment, becomes subdivided into Meckel's cartilage^ 
or lower jaw proper, and the infrarostral cartilage. The last 
two elements remain ventral to the olfactory region as small 
relatively undifferentiated elements during early development, 
but the palato-quadrate rapidly enlarges and grows backward, 
becoming roughly parallel with the trabeculae and fusing with 
them at two points as described above. Later (about 21 mm.) 
the posterior or quadrate portion of this cartilage forms a con- 
nection with the auditory capsule. During metamorphosis, 
as the mouth enlarges and extends far posteriorly, the arrange- 
ment of the jaw elements is very considerably modified. The 
upper end of Meckel's cartilage, which has been in the olfactory 
region, rapidly extends posteriorly and reaches to the quadrat 
cartilage, below and in front of* the auditory capsule. Th 
quadrate, meanwhile, elongates ventro-laterally. That part o 
the palato-quadrate lying in the orbital region, softens an 
largely disappears, and the anterior connection with the tra^— 
becula is drawTi back in its place and remains as the seat of tlk^ 
future pterygoid and palatine regions. The jaw articulation^ 
is thus carried rapidly from the anterior to the posterior regioxi 
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of the cranium, and through the elongation of the quadrate, 
also some distance laterally from the cranial wall (Fig. 82). 

The infrarostral cartilages, which very early fuse across the 
mid-line fonoing the apex of the lower jaw, also elongate at 
this time, and now fuse with the Meckelian cartilages as the 
mento-Meckelian cartilages. Later on each becomes bony and 
fuses with the dentary, the chief membrane bone of the lower 
jaw (see below). A small median element between the infra- 
roetrals fuses with them. 




Pto, 83. — Hyoid and branchial arches of « 29 mm. larva of A./u*ca. Ventral 
^i>". After Gaupp, from Ziegter. 66, BanbraDchial (fint), or copula; M, 
ttuiliril; cA, cerstohyal; ho, hypobTBDchial plate; 1-i, first to fourth cerato- 

■iruehials. 

The annulua tympanicua surrounding the tympanic mem- 
brane of the frog, forms as an outgrowth of the quadrate carti- 
»ge; it becomes separate and gradually extends to the surface 
of the bead, forming first a crescentic, then a circular cartilage, 
Mid later bone, long after the completion of metamorphosis 
(Pig. 82, B). 

The . development of the hyoid and branchial arches may 
CMiveniently be described together. These all appear first as 
paired rods of dense tissue, lying in the corresponding visceral 
Wches. The hyoid arch forms about the same time as the 
"Umdibular, the first branchial just after hatching, the second 
"Knchial at 9-10 mm., and the third and fourth branchials 
^lortly after. 
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On each side, the hyoid cartilage or ceratohyal, extends dor- 
sally, connecting with the palato-quadrate just behind the jaw 
articulation; ventrally it unites with its fellow (Fig. 83). The 
first branchials also unite ventrally. The other branchial 
cartilages do not reach the mid-ventral line, but the lower end 
of each unites with that anterior to it; later they similarly 
connect dorsally. In the ventral region of the pharjiix a 
median element, the copula (basibranckial) appears, between 




. — A. HyobrBDchial apparatus of S. /utca, toward the end of meta- 
I. The left Bide is ahowD in a more advanced stage than theiiBht.in 
BTtilage IB preseot. The oriRiiiBl cartilage ia iodicated by fine stipplca. 
ic atippica iodicate the cartilage added during the early part of meta- 
I. After Gaupp, from Ziegler. B. Hyobraochial apparatua of a 3 cm. 
after metamorphoais. After Gaupp. from Ziegler. a. Alar proceas; 
proceSB of hyoid cornu: b, body of hyobranehial cartilage; bb, baa- 
(lirHt). or copula; cA. ceratohyal (hyoid rorau io B) : ho, hypo branchial 
postpro-lateral process of hyoliraoehial cartilage; m, maDubrium; 
a of second ceratobraochial (poatero-medial process of hyobranchial 



the hyoid and the first branchial, connectmg with the ventral 
ends of both these arches. The basihyoid cartilage is repre- 
sented only by a small median copula in front of the hyoid cartil- 
age. The lower ends of the first branchials become flattened 
and expanded as the hypobranchial plate, with which the ventral 
ends of the other three branchials then fuse. Only the lateral 
or middle sections of the branchial cartilages, between the 
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visceral pouches, then remain separate from one another as 
the first to fourth ceratobranchials. 

The arrangement of these arches is profoundly modified 
during metamorphosis, when the gill slits close and the jaw 
articulation moves backward. The hyoid bar, or ceratohyal, 
loses its connection with the palato-quadrate, and becomes 
considerably reduced in diameter. The copula becomes re- 
duced and a pair of new cartilages develops each side of it, 
connecting with the hypobranchial plate and hyoid elements; 
these are the manvbrial cartilages (Fig. 84, A). 

The hyobranchial apparatus of the fully metamorphosed frog 
consists of a broad median plate of cartilage formed of the fused 
manubria, copula, and hyobranchial plate (Fig. 84, B). The 
ceratohyals remain as slender processes of this, known as the 
hyoid comua. Other processes of the median cartilage develop 
anew, and only the posterior processes formed from the 
second branchials, represent primary elements of the branchial 
series; the other elements disappear entirely. 



C. THE DERMAL ELEMENTS 

The derm bones of the skull begin to appear in the dermal 
layer of the integument covering the head and lining the mouth 
before any other bony elements of the skeleton are indicated. 

The first derm bone to appear is the median parasphenoid, in 
the roof of the mouth of the tadpole of about 20 mm. (shortly 
*fter the hind-legs appear) . This bone finally becomes dagger- 
shaped and covers the large basicranial fontanelle of the chon- 
AtKsranium. The paired frontals and parietals appear some- 
what later, roofing the cranium and covering the supracranial 
fontaneUe; these elements later unite forming the paired /ron/o- 
porietals (Fig. 82, B). A pair of nasals roof the olfactory 
capsules, while within the capsules appear the septo-nasals 
{iniramisals) . 

During metamorphosis the dermal elements of the mandibu- 
lar arch and th^ other bones of the mouth appear. PremaxiUce 
and maxilUB form the margin of the upper jaw, connecting later 



220 OUTLINES OF CHORDATE DEVELOPMENT 

with the teeth (see below), while in the lower jaw MeckePs 
cartilage becomes surrounded by the dentary and angular; the 
dentary then connects with the infrarostrals of Meckel's carti- 
lage. Paired vomers beneath the olfactory capsules, and pala- 
tines across the anterior margins of the orbits develop next. 
The pterygoids develop along the inner faces of the palato- 
quadrate cartilages, and the squamosals along their outer sur- 
faces, finally extending back over the auditory capsules. The 
quadratO'jugal represents a dermal element develof>ed in con- 
nection with the posterior angle of the palato-quadrate carti- 
lage, and fused with the cartilage quadrate bone of the palato- 
quadrate itself. With the exception of this element the derm 
bones remain easily separable from the cartilage bones and the 
remains of the chondrocranium, even in the skull of the fully 
grown frog. 

3. The Teeth 

Teeth are present in the adult on the premaxillae, maxUlffi, 
and vomers. During the larval period the teeth are function- 
ally replaced by the horny "jaws" and "teeth," so that the 
true teeth develop relatively late. They form independently 
of the bones with which they are later associated. During 
metamorphosis a series of dermal papilke forms around the 
margin of the upper jaw and covering the vomers. These are 
the tooth germs; they project into an associated thickening of 
the epidermis. The Malpighian cells of the epidermis covering 
each tooth germ become the enamel organ and secrete a layer* 
of enamel over the surface of the hollow cone of the dentin 
which is formed by the surface of the dermal papilla. Th^ 
cellular core of the papilla remains as the pulp cavity of tL^ 
tooth. The teeth are elongated by the formation of bony 
tissue at their bases, and they gradually push through tlxe 
epidermis. This basal mass of bony tissue serves also to attaci 
the teeth to the inner sides of the jaw, and to the surface of the 
posterior part of the vomer; their attachment does not occur 
until some time after metamorphosis. 
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The teeth are continually wearing away and dropping out of 
the jaw; they are replaced by new teeth which develop similarly 
deeper in the dermis. There are therefore always present in 
the jaws, teeth in various stages of development. 

4. The Appendicular Skeleton 

The elements of the pectoral and pelvic arches and limbs do 
not appear until just before metamorphosis. We shall make 
only the briefest reference to these structures. 

The pectoral arch appears as a pair of crescentic cartilages 
around the lateral and ventral parts of the body, opposite the 
anterior end of the vertebral column. Just below its middle 
each rod forms an articulation (glenoid cavity) with the head of 
the humerus. Above this are formed the bony scapula and the 
cartilaginous terminal supra^capula. Below the glenoid cavity 
the arch is divided into the posterior coracoid and the anterior 
procoracoid elements. The coracoid becomes bony, while in 
connection with the procoracoid a dermal element, the clavicle, 
develops later. The lower ends of the coracoids and procora- 
coids become united on each side by a cartilaginous epicoror 
coui. Later the two epicoracoids fuse together in the mid-line. 

Posterior to the epicoracoids a median cartilage develops 
which is the rudiment of the sternum. Later this fuses with the 
epicoracoids, and its proximal section becomes bony while 
posteriorly it forms the cartilaginous xiphisiemum. Anterior 
to the epicoracoids a similar omostemum is formed. 

The pelvic arch also appears first as a pair of cartilaginous 
^ds, but these are early in contact medio-ventrally, and soon 
f^ together. These articulate with the femora, and the parts 
dorsal to the articulations (acetabula) form the iVia, which con- 
^lect with the transverse processes of the last or ninth vertebra 
(«acra/ vertebra). The postero- ventral region of each arch 
'becomes the bony ischium^ while the antero-ventral part 
^mains cartilaginous as the pubis. 

While the pelvic arch is, like the pectoral, originally at right 
^gles to the vertebral column, after metamorphosis it rotates 
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80 as to lie nearly parallel with the vertebral column and at the 
same time the ilia elongate enormously, throwing the attach- 
ment of the hind limbs far backward. 

The details regarding the development of the elements of the 
limb skeleton are outside our province. For information the 
student may be referred to the papers of Zwick (1898), Tscher- 
noff (1907), and Schmalhausen (1907, 1908), and to the litera- 
ture there cited. 
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Many of the great embryological classics are based upon the 
development of the chick. The pioneer works of Harvey, of 
Malpighi, of WoIfiF, Pander, and Von Baer, bear witness to the 
fact that answers to many of the fundamental problems of the 
science of embryology were sought in the development of this 
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form; and from its study came many of the long dominant 
conceptions of the process, as well as the morphology, of 
development. 

To-day, when the development of the chick is better known, 
as a whole, tlian that of perhaps any other vertebrate, it remains 
an extremely important subject, not so much because of its 
historical importance, nor because of its very great practical 
convenience on account of its abundance, ease of manipulation, 
and freedom from seasonal limitations in its use, as for other 
more significant reasons. 

The development of the chick is fairly typical of the develop- 
ment of the members of the largest and most important Chor- 
date division, the Sauropsida. And besides, it suggests inter- 
pretations of many of the very special features of mammalian 
development. The egg of the fowl represents the climax of 
the process of yolk accumulation, which begins in Amphioxus 
and steadily increases through the Ganoids, Amphibia, and 
Elasmobranclis. Consequently we find here, in pronoimced 
form, many interesting phases of the influence of deutoplasm 
upon development. Indeed so great is the accumulation of 
yolk here, that it remains no longer contained within the limits 
of the embryo proper, and instead of exercising a retardative 
influence upon the rate of development, it becomes so related 
to the embryo that development is greatly hastened. In this 
form the presence of the great mass of yolk results cliiefly in 
an extensive modification of the external form of the embryo, 
particularly during its early phases. The embryo develops 
for some time as a flat disc, upon the surface of the yolk mass, 
so that it gives a sort of map-like spherical projection of a 
Chordate embryo. And the morphological separation of em- 
bryo and yolk, freeing the former from the influence of the inert 
deutoplasm, enables the young chick to proceed to a remarkably 
advanced stage of development during the three weeks of its 
brief embryonic life. 

Moreover, tlie chick embryo possesses, in comparatively 
simple form, certain embryonic membranes and appendages, 
which, in the Mammal, are highly specialized and come to play 
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an important r6le in the modification of embryonic form, and 
an essential r6le in relating the embryo to the walls of the mater- 
nal cavity in which it develops, a relation that is singly the most 
important distinction of Mammalian development. 

As an introduction to the subject we may outline, in a few 
words, the more striking points in the life of the young chick. 
Fertilization is internal, following a process of copulation, and 
after laying, the eggs are brooded by the mother during their 
three weeks incubation. This ensures, besides protection, the 
temperature necessary for development. Normally this is 
about 38° C; development ceases entirely at temperatures 
above 41°, and becomes very slow when it falls to 25° or even 
to 28°. Newly laid eggs may remain alive, however, without 
undergoing any advance, for a considerable period at much 
lower temperatures than these; development then proceeds when 
the temperature is raised. 

The processes of maturation, fertilization, cleavage, and 
blastula formation are completed before the ovum leaves the 
body of the parent, while the egg is passing down the oviduct. 
Thus the hen's egg, as laid, may be roughly compared to the 
seed of a plant, in which a simple embryo is already formed and 
surrounded with nutritive material for its later development. 
The chief steps in the formation of the definitive embryo, 
occur during the first day of incubation, and during the second 
day a complicated series of folds appear, which largely effect a 
separation of the embryo from the yolk-mass, with which it then 
remains in connection by a narrow stalk. At the same time a 
^ery extensive circulatory system develops, putting the embryo 
^U) relation with its outlying food supply (Fig. 1 18) . Develop- 
ment now becomes very rapid since, through the morphological 
^paration of embryo and yolk, the usual retardative effect of 
the latter is obviated, while an eflBcient physiological connec- 
tion is established through the precocious appearance of the 
^ circulation. 

Ihiring the second and third days of incubation, appear the 
ftnbryonic membranes and appendages, which provide for 
itopiration, extend the nutritive siirfaces, and afford the spaces 
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within which the embryo may fully extend. In general the 
development of the embryo occurs progressively from the 
anterior end, posteriorly. Thus the brain and other structures 
of the head are very large and in a fairly advanced stage of 
development, while the posterior part of the tnmk and the tail 
are still in process of formation. The heart, which appears very 
far forward, is also a very prominent feature of the early embryo. 
From about the fifth day the development and enlargement of 
the body region reduce the relative prominence of the head 
region, and the typically bird-like form of the embryo is ac- 
quired about the eighth day. 

On the twentieth day, usually, the chick makes a small perfora- 
tion through the shell and begins to breathe with its lungs, and 
on the following day the young chick breaks entirely from the 
shell. The chick is representative of those birds whose young 
are "precocious," for it is able to run about actively, to pick up 
food, and to lead a generally active life, within a few hours after 
hatching. 

I. THE EGG AND ITS PRODUCTION 

1. The Egg 

We shall find it convenient to describe first the general struct* « 
ture of the hen's egg in its newly laid condition, although th: 
is not the true ovum; for the "egg" is not laid for some tim^ 
usually twenty-one to twenty-three hours, after fertilizatioxi, 
and during these hours the process of cleavage is completecf, 
gastrulation and germ layer formation are well advanced, so that 
the "egg" already contains a multicellular embryo. 

The true ovum, or egg cell proper, is the large yolk, or 
viteUus, surrounded by a thin but TsxiheTiou^viUUinernembrafie 
(Fig. 85). The extreme animal pole is nearly free from yolk and 
appears at the time of laying as a circular whitish area, the 
blastoderm J 3^ mm. in diameter: this pole is the less dense and 
is therefore turned upward when the vitellus is free to rotate. 
The blastoderm of this stage will be fully described later, but we 
may now distinguish in it two regions, a central translucent 
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area peUudda, and a whitish peripheral area opaca. The great 
mass of the ovum or vitellus is compK^ed of the deutoplasm or 
"yolk," of which two forms are present, known as white and 
jrilow yolk. The white yolk occupies the region just beneath 
the blastoderm, and extends thence as a flask-shaped mass, to 




no. 8G. — 8eiiudi&K''BJnniatic llustration of the hea b egg at the time of laying. 
4' Eptira "e«g." Modified from Marshall B Diagram oT a vertical tec- 
6m through the vitellua or ovum proper, showmg the cotiReDtria layerB of white 
*<id fcUow yolk, a, Air chamber; ac, chalaiiferoua layer of albumen; ad, dense 
h)W of albumeD ; v. fluid layer of albumen; b. blastoderni: r, chalaia;i, latebra; 
*''<ieek of latebra; F, nucleus of Pander; pv, periviteltine space; iini, inner 
^SB of shell membrane: imo, outer layer of ahell membrBne; e, vileltuaor "yolk": 
**>, rilelline membrane; ten, layers of white yolk: i/V. layers of yellow yolk. 

tbe center of the whole vitellus; surrounding this the deuto- 
plasm is arranged in several concentric layers, thick layers of the 
jellow yolk alternating with thinner strata of white yolk (Fig, 
85, B). These two forms of yolk differ in physical characteris- 
tics other than color, and also in chemical composition; both are 

made up of yolk spheres or plates, which In the white yolk are 

analler and quite variable in size and form. 



234 OUTLINES OF CHORDATE DEVELOPMENT 

Surrounding the vitellus or egg cell, are several nutritive anc 
protective egg membranes, all of the tertiary class, i.e., formec 
by the accessory reproductive organs, the vitellus alone having 
been formed within the ovary; there are no secondary or chori 
onic membranes. Immediately surroimding the viteUus is th< 
"white" or albumen. The chemical composition of this h 
quite complex, various albumens forming the predominating 
constituents. Two denser, opaque, twisted cords, the chalazfE 
extend through the albumen from opposite sides of the vitellus 
toward the apices of the shell. These are continuous with i 
very thin, dense layer of albumen surrounding the vitellus, the 
chalaziferous layer. Outside of this the albumen forms a rathei 
thick dense layer, and superficially there is a still thicker layer oi 
more fluid albumen. In the hard-boiled egg the albumen car 
often be seen to be laid around the vitellus in spiral sheets 

The entire ovum is enclosed in a definite ovoid shelly ver) 
resistant to pressure applied gradually, though easily broker 
by a sharp blow. The shell is covered superficially by a thir 
structureless cuticle perforated by numerous pores. The 
chief substance of the sheU is composed of loosely arranged 
particles of the carbonates and phosphates of calcium an« 
magnesium, in an organic matrix. The inner surface of the sheT 
is formed by a thinner but denser layer of inorganic salt-. 
The dried shell is very porous and affords an easy pathway f^ 
the passage of gases and water vapor. 

Lining the shell is the tough shell membrane. This is 
double sheet of fibrous connective tissue; at the blimter end o 
the shell its two layers are separated by an air space, which is 
often of considerable size in eggs that have been laid for some 
time. 

2. The Reproductive Organs of the Fowl 

A better understanding of the structure of the egg can be had 
from the studv of its formation, but first we must review the 
main facts regarding the reproductive system of the fowl . These 
organs are asjTnmetrically developed, those of the right side 
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Tn. se.^The reproductive system of the tovrl. After DuvbI (Coat«). Ths 
"^tt ihowB two eggs in the oviduct, whereas normally only one eitg is Id the 
'"iiluci Bt a time. b. Bias tod e nil ; e cicatrix; cl, cloaca; Ja. dense layer of 
^"idimq:/. empty egg follicle from which the ovum has escaped: e, Blandular por- 
'I'W of oviduct : i, isthmus; m. mpanvBrium; oi-ot, ovarian ova in various stagrs of 
ftowth; Oi, ovum in upper end of oviduct; Oi. ovum in middle portion of ovi- 
"fufl irbo oviduct boa been rut open to show the structure of this ovum); oi, oe- 
tiiuD or imfuDdihulum ; ov, ovary oontsininji ova in various stages of iirowth; 
'.MCtuni: a, uterus; i, vitellus; u>, ventral body wall, opened and reflected. 
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having degenerated to fiinctionless vestiges; the left ovary and 
oviduct correspondingly become very large. 

The ovary (Fig. 86) appears to be composed of a mass of 
globules of varying size, suspended from the dorsal abdominal 
wall by a double peritoneal fold known as the mesovarium 
{cf. mesentery). These globules are partly grown, inmtiature 
ova, and in the adult hen they vary in size from a simple cell up 
to the full-sized vitellus. The oviduct is a large, rather thick- 
walled, muscular tube, considerably convoluted and showing 
a well-marked regional differentiation. Its upper end opens out 
of the body ca\dty from the region of the ovary, w^hile its lower 
end discharges directly into the cloaca. Three general regions 
are to be distinguished : the first, or oviduct proper, is the most 
extensive and is itself divisible into three sections. The abdom- 
inal opening of the oviduct is a wide, flaring, funnel-shaped 
opening called the ostium, or infundibulumj or sometimes the 
fimbriated opening^ from its fringe-like margin; its walls are thin 
and muscular, and it is lined internally with cilia. The ostiiinw^ 
leads directly into the long convoluted glandular portion^ an(^ 
this is followed by the short third section of the true oviduct 
the isthmus. The second general region is the so-called lUeru^^ 
a dilated portion, also with glandular walls. The short termin^s^ 
region is a thin-walled vagina, which opens into the cloaca jiL^st 
dorsally to the opening of the rectum. The functional chars^o- 
t eristics of these regions will be described in the folloijvixig 
paragraplis. 

3. The Formation of the Egg and its Early Development 

The early developmental history of the egg may conveniently 
be descril^ed in three [x^riods: (^4) ovarian development to 
the time of ovulation; (B) from o\^lation tlu'ough fertilization; 
(C) from the Ix^ginning of cleavage to the time of lajing. 

A. THE HISTORY OF THE OVARIAN OVUM TO OVULATION 

The rhv'thm of egg production in the domestic fowl is unusual 
in that, as a rule, a long [)eriod of egg formation and layingt 
extending over several months, is followed by a relatively 
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brief period of nearly or quite complete cessation. This is 
quite in contrast to the great majority of animals, in which a 
large number of ova are produced within a very brief period, 
a condition probably correlated with the very large size of the 
ova, for the formation of even a single egg requires a consider- 
able expenditure of energy and substance. Moreover, there is 
space in the organs of reproduction for but a very few ova of 
siich large dimensions. Such a succession in the formation of 
the ova makes it possible to observe, in a single ovary, most of 
the steps in the formation of the fuUy grown ovum. 

The first phase of oogenesis, the multiplication of the oogonia, 
occurs during the embryonic life of the chick, and is practically 
completed by the time of hatching. All of the ova produced 
later, during the period of adult Ufe, are thus in the form of 
primary oocytes at the "birth" of the chick. Surrounded by 
the non-germinal cells of the "germinal" epithelium, the oogo- 
nia or primitive ova multiply rapidly. Some of them leave the 
epithelium and migrate into the stroma of the ovary where they 
degenerate. The remaining oogonia, which commence to 
enlarge while still continuing their multiplication, together with 
the rapidly proliferating epithelial cells, then form elongated 
strands or cords, extending from the epithelium into the stroma. 
Soon these definitive oogonia cease multiplication and are then 
to be termed ^primary oocytes (Fig. 87, A), The strands then 
break up into cell groups or "nests," each consisting of a single 
primary oocyte surrounded by a number of the original epithe- 
lial cells; these latter take up a definite epithelial arrangement 
^mid the oocyte, and thus form the primitive egg follicle 
isranidosa cells). This arrangement of the cells occurs a few 
days after hatching. The structure of the oocyte follicle at 
this age is shown in Fig. 87, B. 

The egg cell, both nucleus and cytoplasm, now begins to 
enlarge and deutoplasmic granules are laid dowTi all around the 
centrally located nucleus, and throughout the cytoplasm, except 
^ its peripheral region which remains comparatively free from 
yolk. This peripheral protoplasmic layer is definitely thickened 
at one point, namely, toward the attached surface of the ovum 
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or foUicle, forming there the germinal disc or spot. When the 
ovum reaches a diameter of something more than 0.5 mm. 
the nucleus migrates into the germinal disc, where it remains 




Fio. 87. — Growlh atajtea In Ihe odReneais of the hen's eag. After Sonnen- — 
hrodt. A. Ooi-yto meaBuring 0.012X0.016 mm., the nucleus of which is 0.00^ 
mn>. in diameter. £. 05<-ytc mcusurinK 0.018 XU.02H niin., the nucleus uf whic'^ 
is 0.0105X0.014 mm. Encloaed in follicle. C. OOcyte measurins 0.040 XO.Oi: J 
mm., the nucleus of which is 0.020 X0.022 mm. D. The nucleus only, of ^-^ 
o0rytcmcasuriiiR5.84 XH.IG mm., the nucleus itself mcusu ring 0.2M X0.23S miK^» 
Total view flhowing the small chromosomeB in the midst of a collection of chr^=3 
matin nucleoli. E. Vertical section through the nucleus only, of &n oOcyte, lft:^< 
follicle of which mcBsurcd 37 mm. in diameter. The nucleus itself is 0.455 mEKH. 
in diameter and 0.072 mm. in Kreatest thiciinesB. c. Chromosomes: cr, eitc-»- 
nuclcar chromanme-like bodies; /, follicle; m, nuclear membrane; m/. folds in 
nuclear membrane; n. nucleus; nu. chromatin nuclenhis; p>. pseudochromosome^; 
t, controsphere ; r, yolk nucleus or vilellogenous body. 

tlirougliout tlic remainder of its ovarian history (Fig. 88). If 
sliould bo noted that tlie eccentricity of the nucleus, whici 
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marks the animal pole of the ovum, is toward the attached 
surface. 

The foimatioii and accumulation of yolk now become more 
rapid. The surface of the ovum is in the form of a zona radiaia, 
through the pores of which nutritive substances diffuse from 




Fio. 88. — Section through the pigeon's ovarian ovTjrn, 1.44 XI. 25 mm. From 
*^lie (Development of the Chick), f.s.. St&lk of follicle; G.V.. RermiaBl veiiicle 
■^^ micleuB; Gr,, granulosa cells; L., latehra; P.P., peripheral protoplasm; pr./,, 
^Hmordial follicles; Th.ex,, theca flit«rna; Th, ini., thecB interna; Y.Y., yellow 
Volk; Z.T.. looa radiata. 

the follicle cells, which thus function as aurse cells (Fig. 88). 
The rate of growth of the egg during its final stages may be 
determined by the arrangement of the concentric layers of 
I white and yellow yolk (Fig. 85, B), which mark daily periodici- 
ties in the formation of deutoplasm (Riddle) . Toward the close 
of the growth period the follicle becomes more clearly mem- 
branous, and along the side opposite its attachment, which is 
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comparatively non- vascular, a modified band appears; this 
is the cicatrix^ where the follicle ruptures when the ovum 
escapes from the ovary. 

Just before the egg leaves the ovary its nucleus, lying 
flattened against the vitelline membrane, reaches the enormous 
diameter of about 0.3 mm. It is now known as the germinal 
vesxclBj since the condensation of its small chromatin content 
leaves the nucleus as a large clear spot (Fig. 87, Z), E). The 
last events before ovulation are the breaking down of the 
nuclear wall and the formation of the first polar spindle. This 
rotates into position and the primary oocyte, prepared for its 
first maturation division, pauses to await ovulation. 

B. THE PERIOD FROM OVULATION THROUGH FERTILIZATION 

At the time a completed egg is laid, or very shortly thereafter, 
the region of the ostium or infundibulum of the oviduct, 
becomes very active and seems to grasp the ovarian follicle 
containing the primary oocyte, through muscular or cOiary 
action, or both. The follicle then becomes ruptured, appa- 
rently by the pressure exerted by the contraction of the infim- 
dibulum, or by its pulling away from the region of the ovary, 
and the oocyte, contained within the infundibulum, is withdrawn 
from the follicle, and ovulation is accomplished. In some cases 
it may be that the follicle is ruptured before it can be grasped 
by the infimdibulum and the freed oocyte is subsequently 
received by the fimbriated opening. The oocyte always enters 
the infundibulum witli its chief axis transverse to the long axis 
of the oviduct, and this relation is retained during the entire 
passage of the ovum down the oviduct. 

The spermatozoa, after their receipt by the female, make 
their way to the extreme upper end of the oviduct, where they 
collect, remaining alive and capable of functioning for two 
weeks or more. Upon its entrance into the oviduct, therefore, 
the primary oocyte becomes bathed in a fluid containing sperm 
cells, and fertilization immediately ensues. The details regard- 
ing the penetration of the spermatozoa are not fully described, 
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but it is known that this occurs immediately after ovulation, 
while the ovimi is in the infundibnlimi. Polyspermy is normal, 
five to twenty-four spermatozoa having been coimted within 
a single ovum (Patterson). Entrance of the spermatozoa 
affords the stimulus to the completion of maturation, which 
offers no unusual features. After the second maturation division 
the egg nucleus unites with one of the sperm nuclei and the first 
deavage spindle is typically established. 

C. FROM THE BEGINNING OF CLEAVAGE TO THE TIME 

OF LAYING 

Before continuing our account of the development of the 
ovum we must outline the series of events occurring during 
the passage of the egg down the oviduct; we shall follow the 
accounts given by Patterson, and Pearl and Curtis. 

The first cleavage furrow appears about three hours after 
ovulation. During this interval the egg has traversed the 
entire glandular portion of the oviduct, the walls of which have 
secreted the denser layers of albumen and the chalazae (40 to 
50 per cent, of the entire weight of albumen) . The egg is carried 
^ong chiefly by peristaltic contraction of the oviducal wall, 
^d as it passes it is rotated about the long axis of the oviduct, 
80 that the germ disc describes a spiral path; this accounts for 
the spiral arrangement of the albumen around the yolk. Dur- 

• 

^g the next hour or so (Pearl) the egg traverses the isthmus, 
the walls of which secrete the shell membrane over the surface 
<^f the dense albumen as the egg enters this region. The fluid 
J^yer of albumen is added while the egg is traversing the isth- 
J^us and the upper part of the uterus. The formation of this 
fluid albumen, which passes through the shell membrane 
already laid down, is completed five to seven hours after the 
€gg enters the uterus (nine to eleven hours after entering the 
oviduct). Before this the calcareous shell substance has begun 
to be laid down on the shell membrane. The egg usually 
occupies twelve to sixteen hours longer in completing its 
passage through the uterus and vagina. At the end of this 
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time, twenty-one to twenty-seven hours after ovulation, gas- 
trulation has begun and the egg is ready to be laid. If the 
completely formed egg reaches the vagina during the middle of 
the day (8 a. m. to 4 p. m.) it may be laid promptly; otherwise 
it is retained \idthin the vagina until the following day. In the 
latter case, since development continues during the entire 
period of its retention, which may be quite prolonged, the 
embryo may be in a fairly advanced stage when the egg is 
finally deposited. Thus, variation in the period of retention 
accounts for the variation in developmental stages observed in 
different eggs as laid. 

TABLE SHOWING THE CHIEF EVENTS IN THE EARLY 

HISTORY OF THE HEN'S EGG 



Hours after 
ovulation 







to3 



3 to 4 



Location in 
oWduct 



Infundibulum 



Glandular por- 
tion 



Isthmus 



4 to 21 (27) Uterus and 

vagina 



Action of oviduct 



Action of germ 
disc 



Reception of ovum 



Secretion of chala- 
zse, chalaziferous, 
and dense layers 
of albumen 



Secretion of shell 
membrane and 
fluid albumen 

Secretion of shell 
and fluid albumen. 
Retention prior to 
laying 



Maturation and fer- — 
tilization 



First cleavage f 
row 



Formation of 
cells 



Gastrulation begiJiii 
or completed if egg 
is long retained 



We may now return to describe the processes of development 
occurring during the period prior to laying. The unicellular 
germ disc consists of a quite definitely circumscribed area at 
the animal pole of the vitellus. The disc is about 3 mm. in 
diameter and less than 0.5 mm. in thickness. Beneath, the 
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protoplasm merges with a well-marked region of the white 
yolk called the nucleus of Pander, which comiects with the 
central white yolk by a narrow stalk called the latebra (Fig. 
85, A). In the disc itself two regions may be distinguished, a 
large central area, which is to form the blastoderm proper, and 
a narrow marginal area of denser appearance, known as the 
'periblast. Peripherally the periblast continues for some dis- 
tance, perhaps completely, over the surface of the vitellus as 
an extremely thin protoplasmic layer. 

The first cleavage furrow appears as a short shallow groove, 
near the middle of the germ disc, in length approximately one- 
half the diameter of the disc (Fig. 89, A). Sections show that 
this cleavage also fails to extend completely through the disc 
vertically (Fig. 90, A). It is not known that the first cleavage 
plane coincides with the median sagittal plane of the embryo: 
indeed it seems probable that, as in other eggs of this extremely 
naeroblastic type, there is no correspondence between these 
two planes. The position of the main embryonic axis is, how- 
ever, fairly uniform, though not completely fixed. It lies 
approximately at right angles to the long axis of the whole egg, 
the anterior end of the embryo directed to the left, when the 
^harper end of the egg is held pointing away from the observer. 
Ixx the few cases actually observed, the first cleavage plane 
^©ems to have no definite relation to these axes. 

The second cleavage is also vertical, and approximately at 
rtght angles to the first, giving four adequal cells, all still in- 
complete (Fig. 89, B). About an hour after the first cleavage, 
the third appears. Typically, though not in a majority of 
^listances, this is a fairly regular cleavage, parallel with the 
first, and dividing the disc into two rows of four cells each. 
Frequently this cleavage is more or less irregular in form, and 
the sjmchronism of division is lost by this time (Fig. 89, C). 
The subsequent stage, consequently, may be said to consist 
<>nly approximately of sixteen cells. These are very irregular, 
hut the general tendency of the fourth plane is to separate each 
of the eight cells into a central and a distal cell. 
During the appearance of the third and fourth cleavages, 
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the central portion of the genn disc has become divided hori- 
zontally by a cleavage plane, connecting the lower margins of 




Flo 89 — Cleavage in the hen's egg. Surface views of the blastoderm »x 
the inner part of the margiiial periblast only. From PatteiBon. The snterit 
margiD of iho blastodisc is toward the top of the page. A. Two-cdl ataV 
About three hours after fertiliiation. it. Four ci-IIb. About three and oae-tcufll 
hours after ferliliialion. C. Eisht cells. About four hours aiter fertiliiatioa. 

D. Thirty-four cells. About four and three-fourths hours after fertiliiatioD. 

E. One hundred and fifty-four cellB upon the surface; the blastoderm sveraf* 
about three cells in thickness at this stage. About seven hours after fertitU*' 
tion. oc, Accesaiiry cleavage furrows; m. radial furrow; p. inner part of marfiiM' 
periUast; inc. small cell formed by the accessory cleavage furrows. 

the first and second planes. In thLs way a small group of 
cetUnU cells become completely circumscribed, and are to I* 



I 



THE EARLY DEVELOPMENT OF THE CHICK 245 

iguished from the marginal cells, which remain incompk'te 
both below and distally, retaining their connection with the 
periblast (Fig. 90, B). A de&iite though narrow space appears, 
accompanying tlie horizontal cleavage, which separates the 
auperficial celkilar elements from the underlying undivided 





Ra. 90. — Vertical aectionH through the rhick biMtodenn during the proceaa 

t vlekvftge. After Patterson. A. Ssction through the two-cell stage. B. 

1 through the thirty-two cell Blage. C. Part of a tangiludinBl 

ID throuBh the dity-four reli stage. 6. Blnstocipl or segmentatian oavity; 

lle«lls;i. inner cell cut off by horiiontal cleavage plane; t. neck of lat«bra; 

il cell; mp, margiiial periblsBt; n, nucleus: P- Grst eteavage; e. vitelline 



lasm. This space is the beginning of the segmenlalion 

or blaatocal; the protoplasm beneath it is termed the 

pe7il}lasi. The original periblast region is now distin- 

as marginal periblasl. The two periblastio regions 
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retain their connection with one another peripherally, in the 
deeper region of the marginal cells. 

We should note here a few details regarding the history of the 
accessory or supernumerary spermatozoa. During the period 
intervening between fertilization and the early cleavages, these 
form nuclei which migrate to the outlying portion of the blasto- 
disc. There they may divide once or twice, forming small 
groups of daughter nuclei. These divisions are sometimes 
accompanied by slight indications of cytoplasmic division, and 
the short superficial grooves thus formed are known as the 
accessory cleavages (Fig. 89). These are visible during the four- 
and eight-cell stages; they are usually radial in direction, lying 
just across, or without, the margin of the blastodisc. No true 
cells are formed by such cleavages. The accessory sperm 
nuclei degenerate rapidly, the accessory cleavages fade out, 
and by the time thirty-two cells are formed no traces of these 
structures are left. 

During subsequent cleavages the number of central cells 
increases rapidly, by additions from the dividing marginal cells, 
and through their own multiplication, which becomes very^ 
rapid as the cells diminish in size. Additional horizontal cleav — 
ages appear in the central cells, converting the roof of th^ 
blastocoel into a layer several cells in thickness (Fig. 90, C> 
No cells are added to the germ disc from the floor of tk ^ 
segmentation cavity. The marginal cells become greatL ^ 
shortened through the continued cutting off of central cell 
and finally they are limited to the extreme margin of t 
blastodisc. 

About the time two or three himdred cells are formed, int^T- 
cellular furrows extend out into the marginal periblast (Fig. SS, 
E), Up to this time both central and marginal periblast have 
been entirely free from nuclei, but soon these areas, which nre 
still directly continuous, become converted into a nucleated 
syncytium. The details of this process have not been described 
for the chick, but are well known in the pigeon (Bloimt). In 
tlie latter form, when the marginal cells have become reduced 
to an approximately spherical form by the cutting off of central 
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cdla, their nuclei continue to 
cytoplasmic divisions are 
either incomplete or en- 
tirely lacking. A large 
number of free nuclei is 
thus formed in the margin 
of the blastodisc. These 
nuclei, continuing to mul- 
tiply, wander out into the 
marginal periblast, coa- 
verting thia into a nu- 
cleated though non-cellu- 
lar tissue. From this re- 
gion some of the nuclei 
otigrate inward below the 
blastodisc, converting the s 
central periblast also into 
a nucleated structure, ex- 
cept in its middle area, g< 
above the nucleus of 
Pander, which appears to 
f^main free from nuclei. 
The nucleated rim of the 
periblast forms a part of 
what is known later as the 
9ermvHiil. 

The circular blastoderm 
Dow begins to extend radi- 
ally, partly on account of 
the growth of its own cells, 
and partly (continuing 
Blount's account) by the 
addition of cells from the 

itoargjnal periblast. The 
region of the original blas- 
todisc now becomes thin- 
iifir and more transparent, and s 



divide, while accompanying 




known as the area pellucida, 
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while its circular margin, apparently derived largely from the 
periblast, is called the area opaca. The ring-like periblast 
continues to grow and to become nucleated more peripheraUy, 
at the same time that it is contributing cells to the blastoderm, 
so that it steadily increases in diameter. The inner nucleated 
margin of the periblast, which becomes of cellular composition 
and contributes to the later extra-embryonic tissues, is known 
as the germ wall (Fig. 91). Later the cells of the blastoderm 
extend peripherally, overlapping the inner margin of tlie germ 
wall, so that there is a narrow region transitional between pellu- 
cid and opaque areas. We should not overlook the fact that 
the lower surface of the periblast is directly continuous with the 
yolk-mass, and is peripherally continuous with a very thin 
superficial layer of protoplasm; this latter is sometimes re- 
ferred to as a part of the germ wall. The thinning of the blasto- 
derm, mentioned above, may be regarded as indicating the 
completion of the blastula stage and the beginning of gastrula- 
tion, to which we may next turn our attention. 

D. GASTRULATION 

In the chick the formation of the primary germ layers, ecta 
derm and endoderm, i.e., gastrulation proper, is quite easiA. 
distinguished from the processes of notogenesis and mesoderm 
formation. In the following account of gastrulation max:^ 
details are supplied from Patterson's account of this process i 
the pigeon, for this period in the development of the chick k 
incompletely known, although it is clear that the pigeon anrf 
chick are in agreement as to essentials. The thinning of the 
blastoderm through the rearrangement of its cells, continues 
rapidly as tlie diameter of the area pellucida mcreases. It is 
most marked in a wedge-shaped area in the posterior part of the 
blastoderm, the most posterior portion of which may come to be 
only one cell in thickness (Fig. 92, A). In this region the sub- 
germinal or segmentation cavity increases in depth, and around 
the hinder margin of the thinner area the germ wall (area opacA) 
appears to be interrupted more or less completely, so that the 
blastoderm cells l:)order directly upon the yolk. 
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The first step in the real process of gastnilation is the turning 
under of a few of the marginal cells in this posterior region of 
the blastoderm, where it is free from the germ wall. As the 
involution of superficial cells continues, this marg^ soon 
becomes thickened, and since the involuted ceils are the rudi- 
ment of the endoderm, the thickening represents the lip of the 




Flo. 92. — Diagruns of reconatructioni of the piseon b blastoderm. From 
UBie (Development of the Chick) after Patterson A Thirt) one hours after 
•miluation. fl. Thirty-six hours after fertJization. C Thirt% eight hours after 
twiliiatjan. £, Gut endoderm: OH' germ n-all O marmn of oierKrowth;/'A, 
<nler margin of area pellurjda; R. in B margin of involution in (', mans of cells 
"ft after closure of the blastopore; S, hccinning of yolk-sac endodernii SO, 
uterior part of subgerminat cavity (blaatoccel), as yet free from endoderm; Y, 
nik lone; Z. lone of junction. The numbers 1-7 along the line C-D, in A, 
'idicate the number of cells in the thickiteaB of the blastoderm in these regions. 

Hailopore, which is here reduced to a short crescent, bctw«*n the 
two free extremities of the germ wall (Fig. 92, B). Once 
established, the endoderm rapidly grows forward between the 
yolk and the ectoderm, as the upper cells of the blastoderm may 
DOW be called, extending through the segmentation cavity 
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laterally as well as anteriorly (Fig. 91). During these earl) 
stages the endoderm cells are considerably scattered, and an 
arranged as a solid mass or definite layer only in the region o 
the blastoporal margin. As the endoderm cells gradually ex 
tend across the segmentation cavity, two other processes become 
apparent (Fig. 92, C). First, the free posterior extremiti© 
of the germ wall approach, and finally meet and fuse; this proc 
ess, is known as the closure of the blastopore, the blastopora 
opening being present only virtually, and represented by th< 
region between the extremities of the germ wall. The secom 
process is the beginning of the extension of the blastoderm, o: 
gastrula, from every side save the region of the blastopora 
margin. The endoderm cells soon extend out to the margin o 
the segmentation cavity in every direction except anteriorly. 

The closure of the blastopore produces a small thickene< 
region, representing the contracted blastoporal margin, whicl 
is left just within (anterior to) the germ wall, where this no^ 
becomes continuous posteriorly. The process of extension o 
the blastoderm now involves this region and leaves the eon 
tracted blastoporal margin well within the area pellucidc 

Normally the egg is laid twenty-two to twenty-three houj 
after fertilization, in approximately this condition, with gastri 
lation not quite completed. The structure of the unincubate 
blastoderm may therefore be described as follows. Thre 
general regions are to be distinguished. The original area pel- 
lucida is surrounded by a complete area opaca, and beyond this 
is a narrow margin where the blastoderm cells are extending 
over the surface of the yolk. The pellucid area is formed by a 
layer of ectoderm cells, slightly thickened toward the middle 
of the area; posteriorly it includes al^^o a sheet of endodenn 
cells. The endoderm is in the form of a definite layer only 
toward the posterior margin, elsewhere the endoderm cells are 
scattered through the segmentation cavity, in the process of 
migrating toward its anterior margin. A narrow space between 
the endoderm and yolk, really the remains of the segmentation 
cavity there, is the rudiment of the archenteron. The area 
opaca, save in its posterior region, is formed by the thickened 
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margin of the blastoderm resting upon the germ wall and fusing 
peripherally with it. Posteriorly, where the germ wall is nar- 
rower, there is a thickened region of the cellular germ disc which 
represents the contracted blastoporal margin. In this region 
the ectoderm and endoderm are continuous. 

During the first few hours of incubation, or even before lay- 
ing in cases where the eggs have been retained for some time 
longer than usual in the vagina, the endoderm extends com- 
pletely across the segmentation cavity and becomes organized 
into a fairly definite layer. 

From the preceding description it will be seen that the 
process of gastrulation in the chick is essentially a process of 
involution. There is no true invagination, and the process of 
epiboly is not immediately concerned in the establishment of 
the primary inner layer. Moreover, the process of epiboly is 
here greatly limited, being restricted to a narrow posterior 
section of the blastoderm. In other words, the entire blasto- 
poral region is greatly reduced, doubtless in correlation with the 
excessive amount of yolk in the ovum. 

The formation of the middle germ layer and the chief axial 
structures of the embryo, is not intimately bound up with the 
gastrulation process, as in the forms previously described. We 
niay now consider these processes in connection with the gen- 
^ development of the whole embryonic region. 

II. THE FORMATION OF THE EMBRYO 

The earliest indication of the true embryo becomes visible 
during the early hours of incubation, immediately after the 
entire area pellucida has become two layered, through the com- 
plete extension of the endoderm. It appears first as a slightly 
thickened band, not very well marked, extending directly from 
* point approximately in the middle of the area pellucida, 
iiearly to its posterior margin. This is called the primitive 
^reak; it is constituted at first solely by a thickening in the 
^todermal layer (Fig. 93). Once established, the primitive 
streak grows very rapidly, chiefly through posterior elongation, 



« 
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the anterior end remaining relatively fixed. The blastoderm, 
too, shares in this elongation and becomes breguiarly oval, and 
tlien pear-shaped, the blimter end being anterior. 




Fio. 03.— Tolal views of chick MutDdenns. A. After Duv«l (modiM); 
B-D, after Lillie. A. UniurubBled blsBtoderm, with priraitivc alreak jiut (om- 
iDg. B. Primitive streak fortucd. bead process not yet indicated. C. HhiI 
proreBE fornied; head-fold jual comroeocing. D. Jual before the cb tablishoitlll 
of llic Gret DusaodermBl somites, ac. Amnio-csrdiac vesicle; cr. cre9cent-«b>p°4 
thickeniDg at the posterior side of the blastodero), in the regioii of cndodrm 
ajid lueHodenii formation; g. primitive groove: V. head-fold; tip. head proew; 
i, blood islands: m, axial thickening of mesoderm; mp. medullary plate; "'> 
margio of mesoderm; n. Hensen's node: o. area opaca; p, area pelluciil*; tA 
proamnion: pf. primitive plate: pp. primitive pit; *. primitive streak; (, bl» 
terminalis (marginal ainua) ; r, area vaaculosa: ri. area vitellina Interna. 

As the primitive streak elongates a narrow transparent line 
appear? along its middle; this is the primitive groove. Anteriorlj 
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the primitive groove terminates in a small depression, the 
primitive pit, near the anterior end of the primitive streak, where 
a slight thickening, known as the primitive knot or Hensen's 
node, is visible (Fig. 97) . In front of this another larger though 
less definite thickening, known as the head process, soon may 
be made out. Posteriorly the primitive streak is somewhat 
transversely extended, just within the border of the area pel- 
lucida, forming a more or less well marked crescentic area, 
through which the primitive groove may be continued, giving 
this a bifurcated appearance here. Between this broadened 
hinder end of the primitive streak and the margin of the pellu- 
cid area, a wide thickened region can sometimes be discerned; 
this is known as the primitive plate. 

Many important structural details of the primitive streak 
region may be determined through the study of sections. Fig- 
ures 94, 101 illustrate sections through representative regions 
of an early primitive streak. The ectoderm is broadly thick- 
ened as the rudiment of the medullary plate, and along the 
niid-line is the primitive streak, soon marked by the rapid pro- 
liferation of ectoderm cells, which are thrown off in the space 
between ectoderm and endoderm. These cells are the rudi- 
ment of the mesoderm. The endoderm forms a uniformly thin 
Aeet of cells across the entire blastoderm. 

A little later (Fig. 94, B) the primitive groove is indicated, 
bordered by a pair of primitive folds. Proliferation of mesoderm 
cells from the inner surface of the ectoderm is now very rapid, 
and these cells soon migrate distally throughout a large part of 
the space between the two primary germ layers. Near the mid- 
line they become intimately related with the endoderm, often 
giving the misleading appearance of having been derived 
<firectly from that layer (Fig. 101). Soon the cells along the 
middle of the primitive streak have multiplied so extensively 
that they form a dense mass, in which clearly marked limits of 
the germ layers cannot be made out. More laterally, however, 
the layers are completely distinct. The ectoderm extends out 
over the germ wall and yolk; the endoderm, now more than one 
cell thick, reaches only to the germ wall, with which it fuses* 
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the mesoderm forms a loosely arranged sheet of cells, thinning 
iwriplierally and extending for a short distance between the 
ectoderm and germ wall. 

The conditions found near the extremities of the primitive 
streak deserve special mention. Posteriorly, the primitive 
plate shows a transversely extended region of mesoderm pro- 




Fio. 94. — Transverse sertionfl through various levels of the blutoderm rt 
different aRcs. A. ThrouRh the head proteaa of aa embryo of about liitf 
hours. After Duval. B. Throunh the primitive atreak of an embryo q[«vt»- 
Icen and one-half hours. After Lillie. ('. Through the primitive plate ol »» 
embryo of about the same age as A. After Lillie. ec. Ectoderm; en, endodrra; 
/.primilive folds:!;, primitive groove; ou'. germ wail; m, mesoderm jmp, meduUMT 
plule; pp. primitive plate. 

liferation, which continues across the posterior side of ll* 
primitive plate, .so that the pellucid area behind the primitive 
streak is composed of all throe germ layers (Fig. 94, C). In tlw 
region of the head process, i.e., in front of the primitive pt 
and streak, conditions are not essentially unlike those found 
farther back. The primitive groove is absent, and the cells 
of the three layers are more intimately fused. Rekti\'dy 






THE EARLY DEVELOPMENT OF THE CHICK 256 

little mesoderm is proliferated from the anterior part of the 
head process, so that in front of this, the blastoderm is for a 
considerable time composed of only the two primary layers. 

Surface views of entire blastoderms now show considerable 
modifications in the structure and relations of the primary 
pellucid and opaque areas. The outline of the elongated pel- 
lucid area becomes irregular; as a whole it is divisible into a 
posterior darker region where all three layers are present, and an 
anterior lighter area, crescentic in form, composed of ectoderm 
andendoderm only (Fig. 93, 5). Later the irregular anterior 
border of the mesoderm can be seen to advance along the sides 
of the area pellucida, in front of the level of the head process 
(Fig. 93, C). Finally the mesoderm extends completely around 
the margin of the pellucid area, leaving only a small area 
directly in front of the head process in the two layered condition ; 
this area is known as the proamnion (Fig. 93, D). 

Meanwhile the area opaca has been undergoing very marked 
modifications. This has broadened rapidly, and in its lateral 
and posterior regions, where the mesoderm has extended more 
widely over the germ wall, it has assumed an irregularly mottled 
appearance. Sections show this to be due to the formation of 
differentiated cell groups known as blood islands^ the beginning 
of the vascular system. The presence of these blood islands 
marks that portion of the opaque area kno\\Ti as the area vascu- 
^sa (Fig. 93, C, D). This appears first immediately behind the 
embryo, but rapidly spreads laterally and anteriorly. Per- 
ipherally it becomes bounded by a definite blood vessel known 
as the sinus terminalis. Beyond this the opaque area is formed 
only of ectoderm and endoderm, extending widely over the 
yolk and known as the area vitellina. The blood islands are 
formed of compact cell masses scattered through the deeper 
portion of the germ wall. The cells composing them have 
apparently, though not certainly, differentiated in situ; they 
become covered superficially by a layer of scattered germ wall 
cells, which comes to be known later as ccelomic ^^ mesoderm'^ 
(Fig. 95). WTiile this layer, and the blood islands, early be- 
come directly continuous with the mesoderm of the pellucid 
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area derived from the primitive strealt, it is commonly supposed 
tiiat tliis relation is second- 
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formation of the dGfinitive embryo. As 



ary. The blood islands later 
become hollowed out, their 
constituent cells forming 
S a "^ I both the walls and the cor- 
II 5 -if puscular contents of the ir- 
regular vascular lacuna. 
These soon anastomose with 
one another forming a com- 
plex network throughout the 
area vasculosa; still later- 
this net connects with the 
vascular structures of th« 
pellucid area and of the ena.- 
J3 "-^ bryo. The cellular portion 
a a= " ■ °^ *^® germ wall remainiixj 
"5^ " E I after the ccelomic "meso 
"a S g-S^ derm" and the blood islan.cJ! 
S-fl'^-a S are differentiated, forms the 
? 3 * "S a rudiment of the yolk-sac en- 
a J |s a doderm, the development of 
^■s^Ss which we shall describe pres- 
5 I 5 ^. 5 ently. 

■5 1 £ = a At this point we should 
^Ij *"| consider briefly the relation 
g ^ 5 S I of the primitive streak and 
■§ a £ ^. a associated structures to the 
"is "3 rudiments of the true em- 
I "S -^ 5; " bryo. From what has been i 
3^ «-^ ■] s^id in the early part of tiis 
^^ S * s chapter, we should not ex- 
Ji = I ^ i pect to find that all of the 
* X~ ^ a structures mentioned in the 1 
£ S o J a preceding paragraphs will be 
- - li o found to contribute to the 
a matter of fact, ol 
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all the structures so far described, only those in the vicinity 
of the head process, represent actual embryonic rudiments; 
these are, that thickening of the ectoderm described as the 
medullary (neiiral) plate, and the axial endoderm and meso- 
derm lying directly beneath it. The substance of the primi- 
tive streak, therefore, lies posterior to the embryo proper, and 
the boundary between the two is indicated by the position of 
the primitive pit. 

As the embryo becomes more definitely established, it elon- 
gates posteriorly, while the primitive streak correspondingly 
shortens. The relation between the two structures is such 
that the embryo draws its substance from the anterior end of 
the primitive streak, or, we may say, the materials of the 
anterior end of the primitive streak are slowly rediflferentiated 
and payed into the hinder end of the embryo. The region 
where this process of rediflferentiation is proceeding is indicated 
as Hensen's node (primitive knot). Finally the primitive 
streak is wholly transformed into embryonic structures, but 
this is not fully accomplished until a relatively late stage in 
development (second day of incubation). To the question as 
to how much of the definitive embryo is formed of structures 
primarily anterior to the primitive streak, no precise answer 
can be given. In a general way, however, it may be said that 
the region of the primary location of the primitive pit corre- 
sponds roughly with the boundary between hind- and mid- 
brain, and that structures developing anteriorly to this level 
Were related originally to the region of the head process, rather 
than to the primitive streak. 

We are now prepared to understand the essential homologies 
of the primitive streak, having learned of its relation to the 
embryo, on one hand, and to the structures of the gastrula, on 
the other. Theoretically the primitive streak is to be inter- 
preted as the result of a modified process of concrescence (con- 
fluence). The chief alterations of the typical process of con- 
crescence (confluence) are apparently due to the relatively 
enormous mass of yolk, and the consequent modification of 
the gastrula into a flat sheet, more or less intimately related to 
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the yolk through the germ wall. Thus the endoderm is m- 
voluted from only a limited extent of the margin of the blas- 
todisc. The region where ectoderm and endoderm become con- 
tinuous is the rim of the blastopore ; therefore we may say that 





m. n. 



jn.n. 



Fio. 96. — Diagrams illustrating the idea of confluence (concrescence) m^ 
applied to the chick. From Lillie (Development of the Chick). The centrmi 
area bounded by the broken line represents the area pellucida; external to thi* 
is the area opaca, shov^nng the germ wall (G.W.), zone of junction (Z.J.), to" 
margin of overgrowth (Af.O). m.n., Marginal notch. 



the rim of the blastopore here is a short crescent at the pos 
terior side of the blastula. The blastoporal opening is cons^ 
quently represented by a space, really only virtual, betwee 
this and the contiguous periblast and yolk. Closure of tl 



THE EARLY DEVELOPMENT OF THE CHICK 259 

vestigial blastopore occurs after the growth of the blastoderm 
begins, so that when the lips of the blastopore approach and 
fuse, in the typical manner of confluence, the region of their 
fusion is limited to the posterior region of the blastopore 
(Fig. 96). We recognize the primitive streak, therefore, as 
the fused halves of the blastoporal margin; the primitive 
groove is consequently to be interpreted as a vestige of the 
blastopore itself. Later in development we know that the 
anus develops at the posterior end of the remains of the 
primitive streak, while from the beginning the primitive pit, 
at its anterior end, represents the vestige of the neurenteric 
canal, as described for Amphioxus and the frog. 

The so-called head process thus represents, theoretically, 
the earliest portion of the true embryo to be differentiated out 
of the primitive streak. As a matter of fact, however, it is 
difficult to observe a true genetic relation between the primitive 
streak and the earliest portion of the head process, which 
seems to form precociously. This theoretical distinction is 
also the basis for the further distinction between gastral and 
peristomial mesoderm in the chick. Really such a distinction 
is not evident here, but it is sometimes useful to regard as 
gastral, that mesoderm originating in the primary head proc- 
ess, and as peristomial, that arising more posteriorly from the 
primitive streak proper. Ultimately, of course, the "peristo- 
mial" mesoderm becomes "gastral" in its relations to other 
structures. 

The fact that the whole process of gastrulation is itself ves- 
tigial, to a certain extent, offers an interpretation of the inde- 
pendent formation of the medullary plate, which occurs 
unusually early, and of the mesoderm, which does not appear 
until the primitive streak is largely established. This latter 
fact, together with the development of the mesoderm from 
cells of ectodermal character, are probably both related to the 
Daarked restriction of the endoderm; this is reduced both in 
extent and in importance, for most of the early functions of the 
endoderm are here , in correlation with the extreme amount of 
yolk, taken over by the periblast and the cells of the germ wall. 
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in. THE EARLY DEVELOPMENT 

OF THE EMBRYO 
1. The Head-fold 
"^^ 1 1 In the stage we have just been des- 
^ ^'4 ^ cribing, only the posterior limit of the 
1^*^ embryo is definitely marked; else- 
£■30^ where embryonic and extra-embry- 
-sl^ onic regions are directly continuous, 
2"'=.. and no boundaries are indicated. 
E G J E This remains the condition of affairs 
I 0-+ S for a long time in the lateral directions, 
' 5 > •- ^^^ anteriorly the limit of the embryo 
gS_-c becomes sharply marked out very 
early. This is accomplished about the- 
twenty-second hour after fertilization^ 
; by the formation of what is called th(=«^ 
. head-fold, a transverse, crescentic folc^^ 
of both ectoderm and endoderm, es;^_ 
I « * -I i tending nearly across the area pellL_^_ 
« = ■: °- cida, a short distance in advance ^rjf 
:S ■= 3 4 the head process (Fig, 97). At first a 
^%"t shallow depression, bordered poste-»-i- 
:s =,^'^ orly by an elevation of the biastoderxD, 
j: J "E ° this soon becomes a deep groove, a^ if 
g i "C the blastoderm were being tucked in 
-S2 £ under the anterior end of the med- 
■- f 1 " ullary plate. In longitudinal section 
I i "^i £ through the medullary plate and head 
■a'ca i fold, the anterior part of the blasto- 
i't^ = derm has the appearance of a letter S 
'tl'l CF'g- ^8). This folding is really due 
= h|b' chiefly, or wholly, to the rapid for- 
S^^;"^ ward growth of the medullary plate, 
'. ^ ^ s which carries with it the undcrljing 
^■^■gi endoderm. Thus two cavities are 
^■5^1 marked out ; one occupies the dorsal 
"^■^ ^ Iimbofthefold,is lined withendodenn 
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and is an extension of the archenteric space between endoderm 
and yolk ; the other occupies the ventral limb, is lined with ecto- 
derm, and is continuous with the space entirely outside the 
embryo. The dorsal, endodermally hned cavity is the rudiment 
of the firre-gut. The lower space is sometimes called the cavity 
of the head-fold; it is merely an external space lying under the 
head of the embryo. The boundary between embryonic and 




^Q. 06. — Median aaeittal sectian through the head eod of aa embryo with 
■oar pain of somites (twenty-three to twenty-four hours). From Lillie (Devel- 
*»I)iMnt of the Chick), a.i.p.. Anterior intestinal portal; Ect. ectoderm; Enl., 
Endoderm; F,0., fore-gut; H.P,. head-fold; mtd, pi., anterior limit of medullary 
I>lstc: Met,, mesoderm; Mei. H.C., mesodermal bead cavity; n. F., oeutal fold: 
". ji., oral plate (oral memhrane). 

extra-embryonic structures is just along the middle, i.e., most 
pKBterior limit, of this latter fold or cavity; at this level the 
ttiorphologically anterior limit of the medullary plate passes 
abruptly into the extra-embryonic ectoderm of the blastoderm, 
te the region of the proamnion. 

laterally the head-fold and fore-gut narrow and finally dis- 
appear into the flat blastoderm. The posterior curvatures of 
the lateral extremities of the head-fold mark the lateral sur- 



262 OUTLINES OF CHORDATE DEVELOPMENT 

faces of the head, but otherwise the lateral limits of the embryo 
proper are not definitely marked until twenty-two to twenty- 
eight hours later, i.e., forty-two to fifty hours after fertilization. 
We may proceed, therefore, to describe the development of the 
essential structures of the embryo, during the period from the 
formation of the head-fold up to the time when the embryo 
begins to be completely marked off from the extra-embryonic 




Fia. 99. — Median sagittal section through the head end of a chick with eightMn 
pairs of BomiteB (about forty hours). From Lillie (Development of the Chick). 
a.i.p.. Anterior intestinal portal; Ao,, doraal aorta; Aa., auricle; B.E.B.C, 
exocmlom (eEtra-embryonic body cavity); F.B., fore-brain; H.B.. hind-brun; 
H.F.Am., head'fold of anmion; Inf., infundibulum; Iilk.. istbmusi M.B., mid- 
brain; N'eh., notochord; or.pl.. oral plate (oral membrane); P.C, pericardisl 
cavity; Ph., pharynx; Pr'a., proamnion; pr'o.o., preoral gut; Ree.opl., opiie 
recess; S.V., sJous venosus; Tr.A., truncus arteriosus; Vtn.. ventricle. 



region of the blastoderm. \Vc shall describe the history of the 
mesoderm first, not only because this seems the easiest method 
of approach, but because the differentiations within the meso- 
derm afford valuable landmarks in describing other structures. 
Thus the age of the chick embryo is usually indicated by 
reference to the number of pairs of mesodermal somites formed. 



2. Mesoderm 

"While the head-fold is l)ecoming well established (Fig. 100), 
the mesoderm is in the form of a pair of sheets extending from 
the sides of the primitive streak (peristomial) and head process 
(gastral), across the whole extent of the area pellucida to the 
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germ wall, where it is continuous with the vascular area. The 
inner or axial border of each sheet is considerably thickened, and 
often distinguished as the vertebral plate, the remaining distal 
portion being known as the lateral plate. The mesoderm also 




1^1. 100, — Chick embryo of about twenty houra, ahowing first intersoniitio 
'""m. Dorsal view. From Lillie (Development of the Chick), o.c.p.. Amnio- 
JfilUij veBicle; a.o., iooer margin of area opaca; Eel., ectoderm; Ent. endoderm, 
"A, head-fold; i.tj.l.. first intersomitio furrow; mtd.pl.. medullary pinte; Mta.. 
'"wdtnn; n.ffr.. neural groove; Pr'a., proanmioD; pr.gr., primitive groove. 

Wtends posteriorly from tlie primitive streak, but at this time 
liere is none in the anterior part of the blastoderm in front of 
tbehead process and head-fold (proamnion), although around 
lie margin of the pellucid area it is carried forward as a pair of 
inog-like extensions, so that in surface view its anterior limit is 
markedly concave (Fig. 93, D). 
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In the vicinity of the head process (Fig. 101), the vertebral 
plates at this stage rapidly lose their definite character and the 
cells scatter throughout the region, combining with the cells 
continually being budded off from the walla 
of the fore-gut, to form the general meaeri' 
chyme of the head region. Later scattered 
cells are added to the mesenchyme directly 
from the ectoderm of the head region. The 
history of the mesoderm farther back, just 
in front of the end of the primitive streak. 
is much the same as in the body regior 
proper, although all of the embryo thui 
far developed out of the primitive streal 
shares in the formation of the head only 
Here the vertebral plate thickens still mor- 
and its cells become rearranged so as t- 
form a short transverse break in the con 

f" rt— *> c t'nuity of the plate (Fig. 100). On eaci 

si a ^ side the cells immediately in front of this 

~. 'i "s a become grouped in a definite mass and 

form the first pair of mesodermal somites, 
continuous anteriorly with the forward «• 
tensions of the vertebral plates (Figs- 10", 
104). This rearrangement of cells con- 
tinues posteriorly, and soon a second split 
appears on each side, a short distance be- 
hind the first, cutting out a definite block 
of the cells of the vertebral plate. This 
is the second pair of somites. Additional 
\^i''^ -E'M-c pairs of somites are blocked out in rcgultf 
fa.shion, as the embryonic region grows at 
the expense of the primitive streak. The 
formation of somites is not actually com- 
pleted until about the fifth day of develop- 
'^■* 2 = ment, by which time about fifty-two pwB 
have been formed. The first somites formed remain the most 
anterior in position. The first four pairs are ultimately in- 
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eluded in the hinder part of the head region of the embryo, and 
although no other definite boundary of the head appears for 
some time, its future limit may be marked by the position of 
the fourth Bomites. 

This division of the vertebral plate into somites expresses the 
primary segmentation or metamerism of the body, and is funda- 
mental, the metameric arrangement of other organs being 
secondary and dependent upon this. Sections through the 
somites (Fig, 102) show that their superficial cells are arranged 




— . '., — Transverse section through the last somite of a chick of about 

fottf-ei^t houn (twenty-nine pairs of somites). After Lillie. a. Lateral dorsal 
Mni; c, coelom; cr, neural crest; mi/, myotome; n, notochord; ne. nerve eord; 
*<• uphrotome; m, somatic mesodenn; tp, Bplanchnic mesodenn; W, Wolffian 



m the form of an epithelium, while the cells of the central parts 
We loosely and irregularly arranged. Thi.s central portion, 
although only virtually a cavity, ia termed the myoccel; it cor- 
responds, theoretically, with the region of the enterocoel of 
other forms. 

The more lateral portions of the mesoderm, the lateral plates, 
reiuMn unsegmented. They are connected with the somites by 
W intermediate, transitional band, also unsegmented in the 
thick, known as the nephrotome or intermediate cell mass. 
The dorsal and ventral surfaces of the nephrotome are con- 
tinuous with the corresponding surfaces of the somites, the 
separation between the two bodies being indicated by a de- 
p^ssion resulting chiefly from the thickening of the somites. 
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The interinediate cell mass in part forms the rudiment of the 
excretory system, and in part contributes to the formation of 
mesenchyme: its history will be described in connection with 
the later stages of development. 

The lateral plate very early becomes separated into two dis- 
tinct sheets by the development of a wide cavity within it. 
This cavity is the ccelom, which is here, as in the frog, to be 
described as a schizoccel. The outer or upper sheet of lateral 




;ntral views of the head enda of chick enibryoa. From Lillie 

if the Chick). A. Knibryo with five pairs of Bomites (ibout 

~ "" ■ L pairs of Botnit«a (about twenl)'- 

-,. u.>..<., j>uiiuu->.au>uc>v ■^^•^•^, j.i.p., anterior inteBtinal poilil^ 

endocardial septum; F.G.. foro-gut; HI., heart; My'C, myoCBiiiiun: 



Fio. \WA.— 

(Developmen. __ _. 

twenty-thrue hours). B. Enibry>, ~ 

, Amnio-cardiac vesicli 



, . .lord; N'ch.T., anterior tip of notochord; n.F.. neural Told; op.'' 
vesicle; p.C. parietal cavity (roclomii;) ; Pr'a., proainnic 
lal somites; V.o.m., omphalo-mesenteric 



and fourth 






plate cells is the somatic, mesoderm; this unites witli the overly- 
ing ectoderm to form tlie somatopleure (Figs. 102, 105, 108). 
The inner or lower sheet is the splanchnic mesoderm; this 
unites with the underlying endodcrm to form tlie splatickiv>- 
pleure. The somatic and splanchnic layers of mesoderm 
remain united proximally, in the region of the intermediate 
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cell mass. The somatopleure, splanchnopleure and coelom, 
later become separated into embryonic and extra-embryonic 
regions, but during these early stages they form continuous 
structures extending laterally out to the germ wall, and ante- 
riorly into the head region. From the embryonic portions of 
these structures develop, respectively, the body wall, the gut 
wall and vascular organs, and the pericardial, pleural, and 
peritoneal cavities: tlieir extra-embryonic portions give rise 
to the embryonic membranes and appendages, and to the 
extra-embryonic portions of the vascular system and ca?lom 
(exoccelom). 

The history of the mesoderm and coelom in the region of the 
head-fold deserves a special word. The ccelom very early 
enlarges, either side of the head region, forming a pair of large 
spaces called the amni(hcardiac vesicles. These grow inward 
toward the head-fold, and by the time this is well established 
(4-6 pairs of somites) they push into tlie lower limb of the head- 
fold, between its ectodermal and endodermal layers (Fig. 105). 
Here they finally meet and fuse, forming a median ccelomic 
space boxmded, of course, by a mesodermal wall. This is the 
nidiment of the pericardial cavity y and its formation and subse- 
quent enlargement, bring about a wide separation of the ecto- 
derm and endoderm, or as we may now say, of tlie somato- 
pleure and splanchnopleure, of the head-fold, the latter being 
carried much the farther posteriorly (Figs. 98, 99). The later 
development of this region and of the vascular system in 
general, may more conveniently be postponed, until after an 
^count of the history of the ectodermal and endodermal layers 
during these early stages. 

3. Endoderm 

We left the embryonic endoderm as a thin sheet of cells 
Extending forward from the primitive streak, and we had de- 
scribed the important events connected with the formation of 
the fore-gut from its anterior margin (Figs. 97, 98). In the 
iegion between the fore-gut and the primitive streak, i.e., in the 
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remainder of the embryonic region thus far formed, the endo- 
derm and mesoderm are united in a secondary median fusion 
continuous with the cells of the primitive knot. Very soon, 
the mesoderm and endoderm separate again and the median 




Fia. 104.^Chirk embryo with three pairs of HomiMa (about twenty-thi" 

hours). Dorsal view. From Lillio (Dpi cloproent of the Chick), o.r.r., AmnS 
cardiao veaicle; o.o.. inner margin of areaopaoa F G fore-gut; N'ch,, notochor^' 
n.F.. neural fold; pr.gr,, prjniitiie groove, > 



I, firBt/seooiid and Iht*^ 



cells, then associated with the mesoderm, become arranged ss 
a small longitudinal rod, the nolochord (Fig. 102). Since the 
germ layer.-; are fused in the primitive knot, and redifferen- 
tiafe anteriorly out of it, it is of little consequence whether 
the notochord is regartled as of mesodermal or endodennal 
origin; it i« mure closely associated with cells which later are 



I 
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tarly mesodermal. As the primitive streak shortens and the 
imitive knot moves posteriorly, the notochord continues to 
Ferentiate, and so to elongate posteriorly. 
The cavity of the fore-gut is the rudiment of the pharynx. 
remains a wide but shallow cavity throughout these early 
tges, open posteriorly, by way of the anterior intestinal portal, 
on the surface of the yolk, where the endoderm remains 
•ead out as a thin flat sheet (Figs. 97, 98, 103). Near the 
tenor extremity of the head-fold, the endoderm lining the 
arjmx comes ventrally into contact with the ectoderm, and 
er fuses with it. This forms the oral plate , which becomes the 
ler wall of the stomodoBum; it is perforated early the third 
y of incubation. There is a pair of lateral extensions of the 
•e-gut, where its walls come into contact with the ectoderm, 
arking the positions of the future first gill pouches. 

4. Nervous System 

The rudiments of the central nervous system are the most 
mspicuous structures of the chick embryo during its early 
ivelopment. We have already noted the formation of the 
tdvllary plate, a broad ectodermal thickening developing 
"ecociously, before any other part of the embryo is definitely 
teblished (Figs. 94, 101). The medullary plate is converted 
to the medullary tube in the usual manner. A medullary 
oove appears soon after the head-fold becomes marked; the 
argioal medullary folds then become elevated and grow 
pidly so that they form a pair of high conspicuous ridges 
I the surface of the anterior part of the blastoderm. They 
tend posteriorly, gradually diminishing in height, until 
lally they sink into the general level of the blastoderm in the 
gion of the primitive knot. The formation of the medullary 
Ids and central nervous system in general, as of the somites, 
tochord, and other parts of the embryo, is progressive pos- 
iorly, so that steps in the formation of all these parts can be 
id in any series of transverse sections extending from the 
mitive knot anteriorly. 
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The elevated medullary folds, or neural folds, soon bend 
over toward one another and first meet a short distance back 
from tlie anterior limit of the head; this is known to be the 
region of the future mid-brain (Fig. 105). Here the folds soon 
fuse together forming a superficially continuous sheet of ecto- 
derm, and an underlying medullary or neural tube. From this 
point the fusion extends very rapidly posteriorly, very slowly 
anteriorly. The point where the final closure occurs anteriorly, 
and consequently tlie final separation from the superficial ecto- 
derm, is known as the neurojxrre; it is the region later distin- 
guished as the lamina ierminalis, and is regarded as the mor- 
phologically anterior limit of the brain. Topographically, 
however, this is not the most anterior part of the central nerv- 
ous system, for during these early stages the rudiment of the 
brain grows forward and downward, in front of the fore-gut, 
so that its anterior end becomes bent like a crook. Its floor 
remains closely applied to the roof of the fore-gut, its extension 
being due to the growth of the anterior and dorsal regions 
chiefly (Fig. 99). Thus the morphologically anterior end of the 
brain really comes to lie on its antero-ventral aspect. 

Certain details in connection with the neural folds and their 
closure deserve special mention. The actual crests of the 
neural ridges are flattened, and when the ridges fold together 
these flattened surfaces form a broad vertical contact. The 
neural tube is formed by the fusion of the lower or inner 
margins of these surfaces; the upper margins fuse across the 
mid-line, restoring a continuous superficial ectoderm. The 
colls left between the upper and lower margins, derived approxi- 
mately from the very apices of the neural ridges, are thus left 
])etween the neural tube and the surface ectoderm; these are 
the neural rresLs (l"ig. 102). They do not fuse across the mid- 
line, but remain as a pair of longitudinal bands along the dorso- 
lateral surfaces of the neural tube. The neural crests are tb 
rudiments of the ganglia of the cranial and spinal nerves; the> 
arc not uniformly developed throughout their extent and 
be Ix^tter marked in some sections than in others. 

The anterior portion of the neural tube expands very co 
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siderably. Its most anterior region expands transversely, the 
lateral extensions thus formed representing the rudiments of 
the optic vesicles (Figs. 106, 107). This is obviously, therefore, 
the region of the primary fore-brain or prosencephalon, which 
now includes the entire anterior portion of the nerve tube. Its 
posterior limit is marked by a slight constriction just back of 
the optic vesicle rudiments. A little later (9-10 pairs of so- 
mites) another constriction appears marking the posterior limit 
of the mid-brain or mesencephalon. The third section of the 
brain, the hind-brain or rhombencephalon is much the longest 
section of the brain (Fig. 107). It is marked by a series of 
irregular constrictions, ultimately five in number forming six 
segments, or neuromeres, in this region. No posterior limit of 
the hind-brain can be made out in these early stages, but from 
later development it is known that all in front of the fourth 
mesodermal somites really belongs to the head, and conse- 
quently this level may be taken to mark approximately the 
posterior limit of the brain. The hind-brain narrows poste- 
riorly and the remainder of the neural tube is the rudiment of 
the spinal cord, which remains narrowed and approximately 
uniform in diameter. 

5. Vascular System 

We may now return to a description of the formation and 
development of the embryonic vascular system, postponed 
from an earlier page. The formation of the vascular rudiments 
in the area opaca continues, in the manner already described 
(Fig. 95), and when the extra-embryonic ccelom forms, dividing 
the mesoderm into somatic and splanchnic layers, the blood- 
vessels remain associated with the latter, i.e., with the splanch- 
nopleure (Fig. 105, A). The vessels of the pellucid area 
develop first from its margin, near the area opaca, and gradually 
extend toward the embryo. They first appear shortly after 
the head-fold, just as the somites begin to be cut out. The 
formation of the conspicuous blood islands does not occur in 
the pellucid portion of the blastoderm; only the tubular vessels 
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ievelop here. Thus the cellular or corpuscular elements of 
ihe early vascular system arise only in the area opaca, and 
oiost extensively in its posterior region. Following Ruckert, 
we may say that the vessels of the pellucid area are formed by 
the rearrangement of small groups of cells in the splanchnic 
mesoderm of the area. These first form short sections of tubu- 
lar vessels which very soon connect with the more peripheral 
vessels of the opaque area. In this way a continuous vascular 
network develops centripetally, finally reaching the embryo 
about the time six pairs of somites are formed. 

Soon after this, vessels appear in the embryo itself. The 
first of these are the paired dorsal aortoe of the body region 
(Fig. 105). These are to be regarded as enlarged and straight- 
ened inner (axial) margins of the vascular network of the pellu- 
cid area. Posteriorly they diverge widely, passing as the 
vitelline arteries y into the general vascular net (Fig. 107). 
Anteriorly they become prolonged forward toward the head 
'^on, where they connect with a pair of vessels differentiated 
dthin the mesenchyme of the head. 

The heart is clearly a specialized portion of the system of 

«8els. Like the dorsal aorta, the rudiment of the heart is 

ired. When the vessels grow into the head region, which is 

w elevated above the level of the general splanchopleure, 

y are related to the ventral, rather than to the dorsal region 

;. 105). The amnio-cardiac vesicles (see above) become 

^ularized in the same manner as the rest of the pellucid 

, and a pair of ventral aortce is formed beneath the fore-gut 

103). Posteriorly to the opening of the fore-gut (anterior 

tinal portal) these vessels diverge and pass into the vascu- 

3t as the rudiments of the vitelline veins. Reference to 

•ansverse section illustrated in Fig. 105, A, shows that 

th the fore-gut the mesoderm has a considerable vertical 

. This is commonly regarded as splanchnic mesoderm, 

5h it is a region where somatic and splanchnic layers 

^ continuous. The paired rudiments of the heart pass 

he inner or axial surface of this vertically extended 

•m, and thus come into close relation, shortly fusing 
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together to form a me- 
dian, thin-walled tube. 
This becomes the endo- 
thelial l inin g of the heart ; 
the muscular wall of the 
heart ia formed by the 
addition of an external 
layer of mesoderm; for 
the splanchnic mesoderm 
of each side forms a fold 
around the endothelial 
rudiment (Fig. 105, B). 
These folds then ap- 
proach and fuse across 
the mid-line, both above 
and below the endothe- 
lial tube. For a brief 
period after their fusion 
they remain in the mid- 
line forming a dorsai me»- 
cardium, connecting the 
heart with the tissues just 
beneath the fore-gut, and 
a ventral Tnesocardiwf, 
extending from the heart 
to the splanchnopleure. 
The ventral mesocsr- 
dium breaks away almost 
immediately after its for- 
mation, while the dorsal 
mesocardium remains fw 

Flo. 106.— Chick embryo with seven pairs a time, but then diSBp" 
of aomites (about twonly-fiie houTB), Dor- , 

■al view. From Lillie (Development of the peBTS, eXCept at the *''' 

^'%zi'^z,:ps:ts^^^:. ^'"''"^ ^"^ t^*^ «■ 

notoohord; n. T.. neural tube; op. I'm., optic tremities of the heart' 
veaicle; Pr'a., proamnion; pr. tlr„ primitive mi. i. _i • ji_ i ft « 
streak; .. 2, .. 7. teeond and Beveolb BomitPB; ihC heart IS then lell »= 
V.o.m.. omphalomeaenteric vein. ^ ghort median tubcCOn- 
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sisting of endothelial and rudimentary muscular layers, freely 
suspended in a cavity which is the beginning of the pericardial 
cavity. Anteriorly it is continuous with a short pair of vessels 
extending into the head-fold; these are the ventral aorta men- 
tioned above. Posteriorly the heart is directly continuous with 
the vitelline veins. 

The dorsal aortae have meanwhile extended forward into the 
head, connecting with their cephalic sections which have 
developed directly within the mesenchyme of the region. 
These now unite with the ventral aorte (Fig. 107, B) around the 
sides of the anterior end of the fore-gut; these connections are 
the rudiments of the first, or mandibular aortic arches. Thus 
the embryonic circulatory system is established and connected 
with the extra-embryonic vessels. 

IV. THE EMBRYO OF ABOUT THIRTY HOURS (10-12 

, PAIRS OF SOMITES) 

We may summarize, now, the events of this early period of 
development by mentioning the structures of the chick embryo 
at about its thirtieth hour of incubation, when it includes ten to 
twelve pairs of mesodermal somites (Figs. 107, 108). 

In the freshly opened egg of this age, the circular blastoderm 

is seen to have extended approximately one-fourth of the way 

aroimd the vitellus {i.e., its diameter is roughly 25 mm.). The 

embryo appears as a definite whitish streak, approximately 4 

mm. in length, enlarged anteriorly, and posteriorly fading 

gradually into the surrounding area. Thus by far the greater 

part of the blastoderm is extra-embryonic. Three definite areas 

may be distinguished in the extra-embryonic blastoderm (Fig. 

108). (1) Immediately surrounding the embryo is the clear 

area pellucida, now greatly restricted and not very distinct, 

save in the head region which includes the proamnion. The 

wea opaca is now clearly divided into (2) the area vasculosa 

Mid (3) the area vitellina. The vascular area, save for a slight 

interruption anteriorly, has grown entirely iiround the embryo. 

ft has extended both peripherally, over the yolk, andce ntrally 




Fig. 107. — Chick embryo with tirelve pairs of gomltM (about tbirty-lli']'* 
hours). From Lillie (Developnient of the Chick). A. Dorasl view o( inti'* 
embryo. B. VeDtral riew of anterior end. A.C.S,. Anterior l;e^l^b^aI iut>>'*i 
a.i.p.. anterior intealjnal portal; Ao.. dorsal aorta; F.G., (ore-BUt: H-B., ^'^ 
brain; Hi., heart; M.B., raid-brain; op. Vtt., optic vesicle; or.pl.. orril pi""' 
pr.sff., priniitivefltreak|«.2, ».12, aecondaud twelfth Homiteair.oo., ventral W''' 
V.o.m., omphalo-meseiitcric vein. 
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eucroaching upon the pellucid area. The broad area i 
is further separable into two regions, 
an inner band, the vitellina in- 
terna, and a narrow area vitellina '' 
externa. 

The examination of sections 
through the blastoderm sliows that 
the areas pellucida and vasculosa are 
composed of the three germ layers, 
the area vitellina of ectoderm and 
endoderm only. Except in the re- 
gion about the head of the embryo, 
the area pellucida is extensively 
vascularized, but the vessels are still 
comparatively free from corpuscles. 
The pellucid and opaque areas are 
further characterized by the pres- 
, ence of extraembryonic ccelom be- 
tween the two sheets of mesoderm 

(Fig. 108). The vascular area is 

definitely limited peripherally by the 

sinus terminalis. The area vitellina ^ 

externa is the region where the ex- ' 

tension of the blastoderm is actually I 

being carried forward. Here 

found conditions similar to those de- 
scribed in the early part of this 

chapter. The extreme margin 

("mai^in of overgrowth" — Lillie) is 

formed by a single layer of super- 
ficial cells called "ectoderm," while 

between this margin and the area 

^tellina interna is a band (" zone of 

junction" — Lillie) which is the 

^uivalent of the marginal periblast, 

*l>ere the processes of true blasto- 

'^cnn formation are chiefly localized, 
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and where the extra-embryonic portions of the two primary 
germ layers are being differentiated. 

In enumerating the structures of the embryo itself (Fig. 107) 
we may begin posteriorly and pass forward, since, read in this 
direction, a series of transverse sections through a single embryo 
roughly represents the steps in the development of most of the 
parts fully formed at this time. Posteriorly there is a short 
primitive streak region with thickened neural plate and primi- 
tive groove. Pa^ssing anteriorly the neural folds rise and meet 
forming the neural tube; the notochord becomes distinguishable, 
and the mesoderm is differentiated into vertebral and lateral 
plates connected by the intermediate cell mass; the lateral plate 
is separated into somatic and splanchnic layers by the extra- 
embryonic coelom. In the trunk and hinder part of the head 
ten to twelve pairs of mesodermal somites are formed. 

The long head region extends forward from about the fourth 
pair of somites (counting from the anterior end of the series). 
The head is now almost completely separated from the yolk 
ventrally, by the endodermal head-fold, while the ectodermal 
head-fold, which also separates the lateral surfaces of the head 
from the yolk and blastoderm, has more than half this extent. 
The brain is the most prominent feature of the embryo, and its 
I)rimary divisions, fore-, mid-, and hind-brain, are well marked. 
Neural crests are distinct in sections from the mid-brain poste- 
riorly. The fore-gut, widely open posteriorly upon the yolk by 
way of the anterior intestinal portal, is the only strictly endo- 
dermal structure thus far differentiated. This is the pharjTigeal 
region, and the rudiments of the first or hyomandibular pair of 
gill pouches are indicated laterally, while in its floor is the oral 
plate. 

The large vitelline veins unite in front of the level of the first-— 
somites, forming the heart, which now has both endothelial andH 
muscular layers. The elongated heart lies in the pericardia"^ 
cavity and is bent to the right. Anteriorly it continues int^z: 
the diverging ventral aortic, which pass around the sides of tL ^ 
head, dorsally, as the first or mandibular pair of aortic archeist; 
these are continuous with the wide lateral dorsal aort« whicrl 
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pass backward and become continuous posteriorly with the 
extra-embryonic vascular network. 

From this point onward we shall not attempt to continue 
a description of the development of the embryo as a whole. 
Next we shall outline the processes leading to the more complete 
formation of the embryo, and to its well-marked separation 
from the yolk and blastoderm on every side. Then, after a 
consideration of the formation of the embryonic membranes 
and appendages, we shall give, in the next chapter, a brief re- 
sum^ of the more essential steps in the organogeny of the later 
embryo. (Throughout this chapter, and more especially this 
part of it, the student is referred for additional details to such 
an account as Lillie's "Development of the Chick/' and to the 
literature there cited). 

V. THE SEPARATION OF THE EMBRYO FROM THE 
EXTRA-EMBRYONIC STRUCTURES 

The remaining primitive streak region loses its typical 
structure soon after the fortieth hour of incubation (about 
18 pairs of somites) (Fig. 112), and thereafter it remains, as a 
locus of continued cell proliferation known as the tail bud (Fig. 
^09, A). Shortly after this, about the forty-sixth hour (about 
26 pairs of somites) a definite infolding of the blastoderm occurs 
posteriorly, marking the hinder limit of the embryo. This fold 
^s the tail-fold, in many respects the counterpart of the head- 
'old although appearing so much later. This fold, in which all 
^hree of the germ layers are involved (Fig. 109, B), slowly grows 
*C)rward forming a hind-gut^ comparable with, though much 
*^S8 extensive than, the fore-gut. The tail bud, thus separated 
*i^in the yolk beneath, continues to elongate slowly for a con- 
^derable time. Mesodermal somites continue to be added pos- 
teriorly, through the trunk region, which extends as far as the 
tlffty-fifth somite, formed about the seventieth hour, and finally 
t^krough the incurved tail region (Fig. 109, B). A total of 
fiity-two pairs of somites have been counted, although some 
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Fia. 100. — Sagittal spFiionH through the pmtivior enila of cbipk emliryai. 
FromLillie (Devdopmeot of the Chick). A, Median sec tioD through uiembtjv 
with about Iwenly-one pairs of somites (about forly-four hours), fl, ljll««l 
Bection through iMnhryo with about thirty-Gvc pairs of aomites (about terttV- 
two houra). All., allanlois: ^ni., amnioD; Am. cav.. aronionio cavity; Xn-fil- 
•DhJ plate; An. 1., anal tube; Ao., dorsal aorta; Bl. v., blood-vessels in wall tl 
allantoiB; e.C, rentral canal of spinal curd; Ct., cloaca; Ed,, ectoderm; JFM»f 
itoderm of aronion: E.E.B.C.. eiociploin; Enl. endoderro; Mta., maodtm: 
Mttam., mesnderni of amnioD; N'ch., notochord; n.T., nerve cord; p'a.O.. po"* 
■nol gut; p.i.p., poatrrior intestinal portal: f.A., segmental artcriM. batwsMl*^ 
■omites; So'pi.. somalopleure; Spfjd.. Sp'pl.. aplanchnopleure; T.B.. Ui bni- 
tJ.So'pl., tail-fold in som atopic ure; IJ.Sp'pl.. tail-fold in aplaaehaopleurf. 




THE EARLY DEVELOPMENT OF THE CHICK 281 

ten of these disappear again during the eighth day of embryonic 

life, leaving a total of forty-two pairs. 
The formation of the tail-fold is but one phase in the general 

process of the separation of the embryo from the remainder of 

the blastoderm, and at the same time from the yolk. The for- 
mation of the head-fold we have already described. We may 
recall that this extended backward along each side of the head. 
Posteriorly this now becomes continued either side of the trunk, 
by a somewhat similar lateral fold, which finally reaches to the 
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Flo. 110, — Disgrammatic trariBverse section through the region where the 

nt 11 opeD out over the yolk (yolk-Btalk umbilicus), in a chick of about focty- 
•*«lil hours {about tweoty-eight paire of somites). After Duval, a. Doraal 

^OrU; c. c<Eloni; ebe. exocceloto: ig. inteBtinal groove; to, lateral folds of ammoD; 

••, vitdline vein. 

t«il-foId. These folds involve both somatopleure and splanch- 
**opleure (Fig. 110). The lateral folds gradually extend inward 
toward the mid-line beneath the embryo, converting the flat 
Sheet of endoderm into a median fold above the yolk; this ia 
the intestinal groove, the rudiment of the true intestine (Fig. 
llO). The head- and tail-folds continue to extend posteriorly 
*nd anteriorly, respectively, increasing the extent of the fore- 
*iid hind-gut. These connect with the intestinal groove by 
the anterior and posterior intestinal portals. 

Gradually these folds all approach beneath the embryo, cut- 
ting it off from the yolk, and marking a clear distinction 
between embryonic and extra-embryonic regions. Finally, 
sbout the fifth day, the lateral folds of the splanchnopleure fuse 
t(^ther extensively, and the gut is entirely closed off except 
■n a restricted region m the hinder part of the trunk (Fig. 115). 
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This remains open to the yolk nearly throughout embryonic 
life. The walls of this open portion of the gut elongate into 
a tubular stalk known as the yolk stalk. In reality this is 
double, composed of an outer wall of somatopleure, and an 
inner tube of splanchnopleure; the former is sometimes knon'n 
as the somatic stalk, the latter as the splanchnic stalk or yolk 
stalk proper. The splanchnic stalk is the jjathway by which 




F:a. 111. — Ventral view of the anterior end of a chick embryo with s 
pairs of somites (about thirty-eight houra). From Lillie (Development of tl 
Chick). a.i.P: Anterior intestinal portal; auJ*., auditory pit; B.a., bulhu^j 

arterioBus; F.B., tore-brain; Inf., infundibulum; op. I'm., optio vesicle: Or.pi 

oral plate; Pr'am.. proamnion; t.4. fourth somite; Tr.a., truncus arteriomiw . ^ 
v.Ao,. ventral aorta; Ven.. vontnrle; V.o.m., otnphalo-meaenteric (vitellioe^^ 
vein; VII-VIII. acuatico-facialia ganslion. 

the blood-vessels pass between embryonic and extra-embryon^^j 
structures. The narrow space between the two stalks is, -^u/ 
course, ccclomic, connecting embryonic or true ccelom, aorf 
extra-embryonic coclom orexoca-lom, J 

The inner limbs of the lateral folds of the somatopleure fonn J 
the body u-all of the embryo, of which we may now describe f 
lateral and ventral surfaces, as well as the dorsal, which has 
hitherto been the only free surface of the embryo, save in the 
head and tail. 

VI. THE E8TABUSHMENT OF THE EXTERNAL FORM 

OF THE EMBRYO 

Rapid growtli and extrusive changes in the external form of 

the embryo have been proceeding, as the embryo has been 



I 



THE EAKLY DEVELOPMENT OF THE CHICK 283 




Fio. 112. Fio 113 

Fid. 112. — Chicle embryo with twenty pairs of aomites (about fort> threa 
Boon), Dorsal view, ^^m Lillie (Development of the C hick) A o m 
ViUUioe arl«ry; au.P., nuditory pit; Cr.Fl.. craiuHi flexure D C ductus C u\^erl 
^htnt., diBtieephalon;3t taene., meBenccphnlon: Mettnc metencephaloD MiftUnr 
1. mA 2, anterior and poster ior diviaons of the myelencephalon Op I f< optio 
^<acle. /"h., phuyiui pr.ifr., primitive Btreak a2 s& etc Bpcond fifth etc 
*oiiiit«a; TeUne., telencephalon; Vtl.lr,, velum traoaverBum V fn ventricle 
Fio. 113. — Chick embryo with twenty-seven pairs of somites (about forty 
*>^t hours). Viewed from above. After LJlio a \unrle am posterior 
*aarcJa of amnioEiio folds; c. carotid loop: cf. cranial flexure d diencephalon 
^C, ductus Cuvieri; 01, Ot. Ot. first, second and third mil clefts 1 isthmus 
*• lens; mo, mandibular arch; ni>, mesencephalon ml metenccphalon o otocjst 
(»nditory sac); just to the right of the otocyst is a thickeran« represenlinR tho 
tantfion of the VII and VIII cranial nerves; r. retinal I aver et Rm Sm second 
**lith, and twentieth somites; t, tail-bud: b, \entncle ra vitelline arleri tr 
^tdline vein; 1, 2, 3, first, second and third aortic arches; V, gHDglion of V 
eramil nerve. 
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folded off from the yolk and blastoderm. The embryo of 
thirty hours was nearly straight and lay flat upon the yolk, 
save that a simple flexure of the head was caused by the growth 
of the fore-brain downward in front of the fore-gut. Continued 
enlargement of the head (brain) leads to two important general 
modifications of the form of the embryo, first, a twisting of the 
embryonic body, and second, the formation of certain bendings 
or flexures in the axis of the head and trunk. As the cavities 
of the brain enlarge, a sharp bending of the neural axis appears 
between the fore- and mid-brain, soon involving the entire 
mid-brain. The development of this cranial flexure (Fig. 112), 
combined with the extensive enlargement of the fore-brain, 
would force this region down into the yolk but for the fact that 
the head now falls over upon one side, its left, which now comes 
to lie over upon the yolk. The trunk retains for a time its 
original position flat upon the yolk, and thus a twist appears 
just back of the head. This change in the position of the head 
begins about the thirty-sixth hour (15 pairs of somites), the 
cranial flexure having appeared somewhat earlier, about the 
thirtieth hour (10-12 pairs of somites). Gradually the region _ 
of the twist moves posteriorly, leaving the more anterior part^^ 
thrown over (Figs. 113, 114), and finally, about the close O-*^, 
the fourth day, the entire embryo comes to lie upon its left sid^^ 
Long before this, about the end of the second day, anoth^^y 
flexure of the longitudinal axis appears; this is the cervic^:^ 
flexxire, A broad ventral sweep through the entire hind-bnLTi? 
region, extending a short distance into the neck, results in the 
more complete flexure of the fore-brain, which thus comes to 
be directed posteriorly rather than ventrally, its true ventral 
surface approximating the ventral surface of the pharyngeal 
region. Later the entire trunk becomes arched dorsally, 
bringing the liead and tail fairly close together on the ventral 
side (the morphologically ventral side now lies turned toward 
wliat was the right side, previous to the torsion of the embryo). 
During the later phases of embryonic development these last 
flexures disapf)ear to a considerable extent, leaving permanently 
well-marked only the origmal cranial flexure. 




Pin. 114, — Chick embryo witb adjaceat portion of area VHsruloaa, with thirty- 
fivt ijaifH of somites (about seventy-two hours). Dorsul view. From Lillis 
(Linduptncnt of tho Chick), o.a.. 1. 2, 3, 4, First to fourth aortic archca; Am., 
>inmon; Ar.. braophea of vilcllino arteries; Air,, auricle; A.V., vildline art«ry; 
ft.A,. buJljus arteriosus; cert. Fl., cervical flciure; er. Fl., cranial Sexure; D.C., 
Oiirtus ('uvieri; D.V., ductus venosuH: Ep., epiphysis; Gn. V., ganglion of V 
'^otal nerve; Iiilh,, isthmue; Jug,, external jugular vein; Af<f.. mandibular arch; 
M.M., inauUo-manditjulBr branch of V rrnniol npn'e; Attfid.. mydeaceplialon: 
"^/■P.. olfactory pit; Opkth. ophihnlmic branch of V cranial nerve; 0*,. otosyHt; 
*'2. (.10, 11.20, etc., second, tenth, twentieth, etc., Bomitee; F., branches of tha 
VjieUine veins; V.e.p., poslerior cardinal vein; F.iimh., umbilical vei 
*it«Uii» vein; V.V.p., posterior vitelline vein; W.B., wing-bud. 
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The general changes in form and the development of the 
externally visible organs may best be appreciated by stud)dng 
such a series of embryos as that illustrated by Duval (Atlas 
d'embryologie, Paris, 1889; Plates VII-X). We may merely 
call attention to a few of the more striking features. The fore- 
and hind-limbs appear, at approximately the same time, about 
the eightieth hour, as bud-like outgrowths from the body wall 
(Fig. 114). These enlarge rapidly; their segments are distin- 
guishable at the beginning of the seventh day, and during the 
eighth day they assume the outlines of the wings and legs. 
During the eighth day too, the heart is drawn within the body 
wall, the visceral arches and gill clefts disappear, save as they 
remain represented in the adult by the jaws (mandibular arch) 
and the external auditory meatus (hyomandibular gill cleft), 
and the abdominal viscera are much enlarged. The following 
day the facial portion of the head begins to enlarge, the feather 
papilla) become well marked, and the general musculature begins 
to develop to such an extent as to afifect the general contours 
of the body. 

VII. THE EMBRYONIC MEMBRANES AND 

APPENDAGES 

We have now to describe the development of certain ex:- 
tremely important structures which are primarily extra-eax- 
bryonic, and have to do with the protection, nutrition, and 
respiration of the embryo, rather than with the actual forma- 
tion of proper organs. These structures are the yolk-sac, the 
amnion, and the allantois; strictly speaking the allantois arises 
as an embryonic structure, but it soon becomes extra-embryonic 
in position, and its functional value is derived from its later 
relation. These tliree structures are all characteristic of the 
embryos of the higher Craniates — Reptiles, Birds, and Mam- 
mals, and conseiiuentl}' these classes are often grouped to- 
gether under the term Amniota. 

1. The Yolk-sac 

We have seen that at the thirtieth hour of incubation the 
blastoderm has extended over approximately one-fourth the 
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surface of the yolk. Throughout its pellucid and vascular areas 
it is divided by the exoccelom, into somatopleure and splanchno- 
pleure (Fig. 108). Its outlying area vitellina for the most part 




_ Fmb. 115. 116. 117. — Diagrams of the relations of the embryonic membranei 
in tbe chick. Figures &nd descriptioD from Liltie (Developmeat of the Chick), 
^t ectoderm and eadoderm are represented by plain lines; the mesoderm by 
* cron-h&tched line or band. The yolk-sac is represented by broken parallel 
'iaa. In Fig. 115 the allaQlois is represented as a sac. In Fijts. 116 and 117, 
*>'here it U supposed to be seen in seclion. its cavity is represented by unbroken 
^tUiJ lines. The stalk of the alUntois is exaggerated in all the diagrams to 
^'ng out its connection with the embryo. 

F^a. 1 15. — Fourth day of incubation. The embryo is surrounded by the amnion 
^Uch arises from the Bomatic umbilicus in front and behind: the aero-amniolio 
^<»DectiDD is represented above the tail of the embryo; it coniiists at this lime 
*>f a fusion of the ectoderm of the amnion and chorion. The allantois is rcpre- 
*Mlted as a sac. the stalk of which enters the umbilicus behind the yulk-stalk; 
ttis allantois lies in the eitra-embryonic body-cavily (exoctrlom). and its meso- 
<leRnal layer is fused with the corresponding layer of the chorion above Ihc embryo. 
The aopta of the yolk-sac are represented at an early slane. The splittina of 
^h» mesoderm has progressed beyond the equator of the yolk-sac, and the un- 
■liTided portion is sliRbtly thickened to form the beginning of the conncclivo- 
*>ssue ring that surrounds the yolk-sac umbilicus. The ectoderm and endoderm 
»Met in the lone of junction, beyond which the ectoderm is continued a short 
distance. The vitelline membrane ia ruptured, but stilt covers the yolk in the 
Bcighborhood of the yolk-sac umbilicus. The albumen ia not represented in 
thisfigure. (For eiplanation ot lettering aeo Fig. 117.) 

Consists of ectoderm and endoderm only, and is bounded per- 
ipherally by a region where the further extension of the blasto- 
derm is being effected. The extension of the blastoderm con- 
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tinues in the manner previously described, the differentiatioi 
of the raesoderm and the subsequent formation of exocoulom 
somatopleure, and splanchnopleure, slowly proceeding centri 
fugally. During the fifth day the blastoderm extends complete!) 
over the yolk, sa\'e for a narrow circular space, opposite th( 
embryo, which remains uncovercil until toward tlie close ol 




PiQ. 116.— Ninth day of incul.aiion. The yolk-snc umbilkua hu beeonH 
much DaiTowed, it is Eurrounded by the meaudcriiKil conncotive-Ussuo rinC. 
uid by the Troe rdges of the (xtoderm and Gndoderni. The vitetlioe niembroD* 
■till covers the yolk-aac umbilicus and is folded into the albumen. The allantoit 
has expanded arauod the Hjimion and yolk-Hsc and lis outer wall is fused vitbthe 
chorion. It haa pushed a fold of the chorion over the Bero-aniniotic oonDscliM 
into which the mBSoderni has penetrated, and thua forms the upper fold of tiM 
Blbunicn-SBC The lower foid of the albumen-sac in likewise formed by a dugJi- 
CBtion of the chorion and allantois; it must be understood that lateral fold's'* 
forming also, so that the albumen is beinit aiirrounded from all sides. The><>||' 
of the allantois ia exasseral^d ho as to show the connection of the sUsD'"'* 
with the embryo: it ia supposed to pass over the amnion, and nut through ikt 
cavity of the latter, of course. (For explanation of lettoting see Fig. 117.] 

embryonic life (Fig. 115). The mesoderm and ossocisled 
structures of the blastoderm push around more slowly, but 
finally arrive at the blaiitodermal margin, which becomes » 
narrow ring called the yolk-sac umbilicus. The yolksac it«l' 
is the splanchnopleural portion of the extra-embryonic blasK^ 
derm, one surface applied directly to the surface of the yolk, the 
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other forming the inner lining of the exocceiom (Fig. 115). The 
lower pole of the yolk-sac is open at the yolk-sac umbilicus, and 
the upper pole is of course directly continuous with the yolk 
stalk or splanchnic stalk, and therefore with the embryonic mid- 
gut (Fig. 115). While the yolk-masa is now practically enclosed 
in a layer of endoderm (splanchnopleure) it cannot be said to be 




Flo. 117.— Twelfth day of inoubotL _ 
Us ire more advancoJ. The albumen-SBC 
••Tity of the amnion by way of the 
Theioner wall of the ollantois has fuaed 
Idiciu of the yolk-sac is much reduFcd. 
«ira irnc of the yolk- 
40.. allantois; AU.I. 



The rondiiiona represented tn Fig 

clositiK; its ronnection with the 

connection will bo obvious. 

-ely with the amnion. The um- 

redUFcd, aaa aome yolk protrudes into the albu- 

ibilicus). Alb,, albumen; Alb.S., albunien-si 

waU of allautois; All.C. allantoio cavity; JU. 



■Dutoio Btalk; AU. + Am., fusion of allnntoia and amnion; Am.. 
Am.C., amnionic cavity; Ckor., chorion; C.T.R.. connective- tissue iIdb; Eet.. 
ntoderm; B.B.B.C, eioccelom (ex Ira-embryonic body-cavity); £n(., endoderm 
Jfo., mesoderm; S.-Am., sero-amnlonic connection; K.Y.S.U., sac of the yolk- 
■ir umbilicus; Umb., umbilicus; V.M.. vitelline membrane; Y.S., yolk-sac 
^■S.S., septa of yolk-sac. 



included within the enteron, for it remains extra-embryonic in 
position until the very close of embryonic life. The yolk is 
never taken directly into the embryonic digestive cavity and 
there absorbed. The endodermal lining of the yolk-sac early 
'*comes differentiated as a yolk-digesting and absorbing organ. 
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and the nutritive materials taken up by it are received into the 
yolk-sac circulation and carried to the embryo. 

The yolk-sac is characterized by a wealth of blood vessels. 
The vessels of the vascular area, already mentioned, are the 
beginnings of the yolk-sac circulation. • In the rich network of 
small vessels, larger pathways soon develop; the first of these are 
the paired anterior vitelline veins, which pass from the anterior 
margin of the blastoderm directly into the posterior end of the 
heart (Fig. 118, A). Soon after these become well established, 
the pair of vitelline arteries develop (about thirty-eight hours) 
as lateral branches of the dorsal aorta in the middle trunk 
region (Fig. 118, A, B). These arteries become distributed by 
large trunks throughout the yolk-sac, and supply its abundant 
capillaries. The blood re-collects into the marginal sinus or 
sinus terminalis, and passes thence into the anterior vitelline 
veins. By the end of the third day the two anterior vitelline 
veins have fused, just within the sinus terminalis, and between 
this point and the heart the right vein begins to disappear 
(Fig. 118, B). Soon it disappears entirely, and for a time the 
left anterior vitelline vein alone returns the blood to the heart, 

but before long, venous trunks appear, parallel with the main 

branches of the vitelline arteries, and by the end of the fourtl 
day (Fig. 118, C) the greater part of the blood returns to the 
heart through these, the lateral vitelline or omphalo-mesenterit 
veinSj which unite into the ductus venosus immediately befoi 
entering the heart. Thus both the supply and the return 
the yolk-sac circulation pass along the wall of the yolk stalk 
splanchnic stalk. 

The digestive and absorptive surface of the yolk-sac becomi 
enormously mcreasod by a folding process, which begins at tk:ie 
time the larger vessels begin to be marked out. The foldiamg 
(Fig. 116) finally comes to be very complicated, and accoMizMi- 
panying the folds is a continuation of the network of lai~^ 
capillaries which thus come to have an intimate and extensi^'e 
relation with the nutritive supply. The inner surface of tie 
yolk-sac finally acquires a structure not unlike that of the lu^cig, 
its spaces or meshes being filled with the yolk material. 
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1. 118. — DiagTBina of ths circulation in the chick embryo a 
'^^Mft. The vascular aetwork of the area vasculosa is omitted for the most part. 
'^. ADterior and central partH of the embryo and vascular area at about thirty- 
*'l[ht houra (aixteeD pairs of somites). Viewed from beneath. After PopofF. 
~- Median and anterior parts of vascular area and embryo at about seventy-two 
w>urg (twenty-Bcveo pairs of somites). Viewed from beneath. After PopofT. 
^- The main vascular trunks of the fourth day. After Ullie (modified), a, 
^orini aorta; aa, aortic arches (first and second in A, second, third and fourth 
JP^O; ac. anterior cardinal vein: "i, ollantois; aii, aurirlc; 6. bulbus arteriosus; 
"• ductus Cuvieri; dc, ductus venosus; cc. eiteraal carotid artery; A, heart; 
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The yolk-sac increases in complexity throughout the period 
of embryonic development. About two days before hatching, 
while stUl a comparatively large organ, it is pushed into the 
body cavity of the embryo by way of the somatic stalk cavity 
(ccelom), apparently through the contraction of the walls of 
the allantois and amnion. Its entrance is completed a day or 
so before hatching, and a few days after hatching both the 
yolk and the yolk-sac itself become completely absorbed into the 
intestine of the young chick, and the yolk stalk is definitely 
closed. 

2. The Amnion 

We must again return to the embryo of thirty hours U 
describe the formation of the amnion, and the associat 
chorion, which are derived from the somatopleiu'al portion oifcr f 
the extra-embryonic blastoderm. In a general way we ma ^P^y 
say that these structures arise from the crests of *the outer ^r 
limbs of those folds which cut the embryo off from the extn 
embryonic blastoderm. The first indication of the amnion 





in the blastoderm, just in front of the head of the embryo, i ^n 

the anterior region of the so-called proamnion, where, about t L j e 

thirtieth hour, a slight transverse thickening of the ectoderr=m 
becomes apparent in sections. This thickening is the begi — zo- 
ning of the ectamnion, which plays an important r6le through 3- 
out the formation of the true amnion. The proanmics^/i, 
it will he recalled, is that part of the blastoderm which for* a 
time remains mosoderm-frce. Hence no coelom, somatopleim^jne, 
and splanchnoploure are present in the region where the amnioz? 
makes its first appearance. 

Just in front of the head, the region of the ectanmion, eu- 
doderm as well as ectoderm, becomes folded upward as the 
head-fold of (he amnion (Fig. 99). This begins to extend back- 

tV, internal carotid artery; la, lateral dorsal aorta; h, left anterior vitelline vein; 
p, anterior intestinal portal; pc, posterior cardinal vein; pv, posterior vitelline 
vein; rr, ri^ht anterior vitelline vein; «, sinus venosus; t, sinus terminali«: fri 
venous trunks of the area vasculosa; r, ventricle; va, vitelline artery; rr, vitelline 
or omphalo-mesenteric vein. 
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ward over the head of the embryo, but before it has gone very 
far the mesoderm, with the accompanying exocoelom, extends 
into the fold, and the endodermal layer is withdrawn. The 
lateral extremities of the head-fold of the amnion turn pos- 
teriorly along the sides of the head, as the lateral folds of the 
amnion. These are somatopleural from their beginning, and 
may be described as elevations of the blastoderm in the region 
where the outer limbs of the lateral embryonic folds pass into 
the general surface of the blastoderm (Fig. 110). 

As these folds of the amnion extend posteriorly, the ectam- 
nion serves actively to draw the more lateral regions toward the 
mid-line where they are fused together, and in this way the 
lateral folds are gradually drawn up over the embryo (Lillie). 
This process occurs progressively in a posterior direction. 
About the time the embryo has thus become covered over as 
far back as the level of the vitelline arteries (48 hours, 26-28 
pairs of somites), a posterior tail-fold of the amnion appears, 
(Pig. 109, A), similar to its head-fold save that it is somato- 
pleural, i.e.j contains ccelom and mesoderm, from its com- 
mencement. This tail-fold extends laterally and then ante- 
riorly, and soon its extremities meet the lateral folds. About 
the seventieth hoiu* (35 pairs of somites) the amnionic folds 
are completely closed together above the embryo; this closure 
occurs about at the level of the hind-limb buds. 

As the somatopleural amnion folds come together above the 
embryo, the ectodermal and mesodermal layers of each side 
fuse together and the original contact surfaces break through. 
So that the ccelomic cavities of the amnionic folds become con- 
tinuous across the mid-line. This results in the formation of 
two complete membranes, each composed of two cell layers, 
around the embryo. The inner of these, close to the embryo, 
is the true amnion, and the space between this and the embryo 
is the amnionic cavity (Figs. 119, 125). From the method of 
Its formation it will be seen that the amnion is continuous with 
the somatic stalk, while the amnionic cavity is a space entirely 
outside the embryo, and has no connection with any other 
<iavity. The outer membrane is now called the cfiorian. It is, 
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of course, the somatic portion of the blastoderm, and at this 
time has no direct connection with any other structure. The 
space between amnion and chorion is exocfElom. This cavity 
and the amnionic cavity are filled with a watery fluid. Later 
on, as we shall see, this space is largely occupied by the allan- 
tois, which comes into intimate connection with the inner 
surface of the chorion. 




Fia. 119. — Transverse section a{ chick embryo with thirty-five pain ■^^mt 

eoniitea (about seventy-two hours), passing through the region of the twent ^ f. 

third somite. After Lillie. a. Amnion; ac, amnionic cavity; no, dorsal aort^^^; 
e, embryonic ccelom; ch, chorion; if, dermatome; ebe, eiocffilom; o. rudiment of 
apinal sanRtion; m, mcflonephric tubules; my, myotome: P. posterior cardic:i^uJ 

Bomaticm.e8oderm;»p,BplBnchnic mesoderm;!, vitelline artery; IF.WolffiandtK ^t. 

One important fact has not been mentioned thus far. Jb 
the region where the amnionic folds finally close together over 
the embryo, the amnion and chorion remain firmly uniterf 
(Fig. 119). Tliis forms the sero-amnionic fusion, which affects 
in an important way the later arrangement of these mem- 
branes, as well as tlie disposition of the allantois, when it 
e-vtends into this region (Figs. 115, 116). 

The regular arrangement of the lateral folds of the amnion is 
disturbed .somewhat by the twisting of the embryo, which is 
going on as these folds are becoming elevated and fuseti. As 
the embryo turns upon its left side the amnionic folds do not 
similarly alter their morphological relation to what was 
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originally the median plane. That is, they continue to close 
together along what was originally marked out as the mid-line, 
and they finally close immediately above the right hind-limb 
bud. It follows from this that the left lateral fold becomes 
much the more extensive, passing from the lower (left) side of 
the embryo, around to the upper (right) side and thus covering 
the whole morphologically dorsal surface of the embryo, while 
the right lateral fold covers only a portion of the upper (morpho- 
logically right) surface of the embryo. This is correlated with 
the fact that the right fold is thicker than the left and is usually 
thrown into irregular transitory folds or wrinkles. 

Soon after the amnion is fully formed, muscle fibers are 
differentiated in its mesodermal layer. Waves of contraction 
then slowly pass along the amnion and keep up a movement of 
the amnionic and coelomic fluids. It is also supposed that 
they keep the embryo in slight motion, preventing adhesions 
between the embryo and its appendages. The amnion also 
serves, probably, as a water cushion, protecting the embryo 
against deforming pressures. The later relations of the 
amnion to the allantois and the albimien of the egg will be 
flientioned below. 

3. The Allantois 

The allantois is an embryonic appendage of the greatest 

Unportance. Unlike the yolk-sac, amnion, and chorion, it is 

developed from the embryo itself, and not from the extra- 

^Oibryonic structures. When fully developed it is the most 

Extensive of all these accessory organs, the arrangement of 

Which becomes considerably modified by its growth. Function- 

^y, too, it is of the utmost importance, it is primarily the 

embryonic respiratory organ, but it serves also as a reservoir 

for excretory products, and through the development of muscle 

fibers in its wall it effects certain movements of the embryo. 

^d assists in the final inclusion of the yolk-sac within the 

embryonic body. 

The morphological relations of the allantois to the embryo 
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will be better understood if we recall certain facts regarding 
development of the tail. The tail-fold of the blaatoderm di 
essentially from the head-fold in that the blastoderm whei 
appears includes mesoderm, and is already differentiated 
somatopleure and splanchnopleure (Fig. 109, A). Precei 
the formation of the tail-fold of the somatopleure, the sptai 
nopleure is folded forward beneath the posterior end of 
embryo, establishing a short hind-gut. Soon after, the trui 
somatopleural, tail-fold pu 
inward, a short distance 
hind the splanchnic fold, 
embryonic region immedia 
anterior (morphologically) 
the somatopleural tail-fol 
the rudiment of the tail, 
tail bud (Fig. 109, B). As 
( elongates, a posterior exten 
p of the hind-gut continues 
it, as the postanal gut, for 
anus is formed on the vec 
Modd of part of iho Bide of the base of the 

caudal and of B four-day chick, show- ^pv -„+ p-!nr nvtpnt nf thu >i 

ingthe relation of the amnioQ to the »"« antCHOr extent 01 tnoJl 

allantoic Btallt. After Ravn( modi- cnit is increased bv the forv 

fied). The broken line marks the ° . . ... .1 

cavity of the hind-gut and allantoic extcnSlOn of the SplaUCl 

Btaik o.Cutedeeofamnion:o/,«iian- pleural tail-fold. The rei 

toic Btalk; ap, aual plate; nl, cut sur- ' ' 

face of hind-limb bud; 0. vitelline beneath the hind-gut, betw 
wrremovJ^ed)' °' '"" "*" "" '"" thesplanchnopleuTalandsoE 
opleural tail-folds, is meso- 
mal and is in reality a deep ventral mesentery. The cavit; 
the hind-gut now pushes downward into this ventral mesent 
forming an elongated depression, just in front of the a 
region (Fig. 109, B). This groove-like outgrowth is the n 
ment of the allantois, which thus makes its appearance abc 
the commencement of the third day of incubation (about 
pairs of somites). In front of this the hind-gut narrows ag8 
the dorsal portion of this expansion, and the region just poster 
to it, form the rudiment of the cloaca (Fig. 120). 
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The allantois is clearly an outgrowth or appendage of the 
hind-gut, and consequently its cavity is directly continuoua 
with the enteron; it is lined with endodcrm, and its outer wall 
is mesodermal. Before the close of the fourth day (Fig. 121) 
the allantois has extended for some distance out into the exo- 
coelom, lying to the right of the tail. Its terminal portion has 
enlarged into a dilated vesicle connected with the gut by a 
narrow tubular allantoic stalk. It has an abundant blood 
supply, derived from a pair of branches of the dorsal aorta, 




Ao. 121. — MedlsD MBittBl section through posterior end of four-day chick. 
AltirGwaer (M&urer). al. AllantoiB; am. Bmnion (tail-fold) ; e. cloaca; m. cloacol 
Uembrane; n, notochord; r, rectum; s, spinal cord; y. wall of yolk-aao (endoderm 
'ti aplanchoic meBoderm). 

the dlantoic arteries; its blood collects into a single allantoic 
Win and is returned to the heart through the large left um- 
itiical vein (Fig. 138). 

Once established, the allantois grows very rapidly through 
the exocoelom, between the chorion and the yolk-sac and 
aouiion (Figs. 115, 116). Its vesicle enlarges rapidly and by 
the end of the sixth day has covered the entire embryo; two 
days later it has passed nearly around the yolk-sac. As the 
*llantois enlarges it effects certain important fusions with 
other structures. Superficially it fuses with the chorion, the 
nitsodermal layers of the two membranes uniting so intimately 
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that in effect the chorion forms a part of the outer membrane 
of the allantois. Along the dorsal surface of the embryo the 
inner wall of the allantois meets the amnion, and the apposed 
mesodermal layers of these two membranes fuse together, 
forming a layer of muscle fibers which function for a time 
similarly to those of the amnion, and then disappear. 

A modified region of the allantois should be mentioned here. 
During the early days of incubation the albumen of the egg 
condenses toward what may be described as the postero- 
ventral side of the yolk, from which it is separated only by the 
remains of the vitelline membrane, in the region where thfe 
yolk-sac remains open (Fig. 116). About the ninth or tentlx 
day, the albumen, through continued loss of water, forms 
relatively small, dense mass, incompletely separated from th 
yolk by the intervention of the yolk sac (Fig. 117). TU.^ 
allantois reaches the albumen first from the lower side. It i^ 
now fused with the chorion throughout its extent, and as it 
pushes onward, it sends a short fold in between the albumen 
and the yolk-sac, and a longer limb around the outer surface 
of the albumen, almost covering it over. These folds of fusecf 
chorion and allantois are the beginnings of the albumen sac. 
The albumen sac is completed by the downgrowth of a 
similar fold of fused chorion and allantois from the upper 
side. These folds finally enclose the yolk completely (Fig. 
117). The upper fold is not quite like the lower on account of 
the obstruction offered to the progress of the allantois, by the 
sero-amnionic fusion. When the rapidly extending allantois 
reaches this area of fusion of the amnion and chorion, it pushes 
the chorion out above the fused area, carrying a fold of the 
chorion before it in its onward extension (Fig. 116). This 
fold of the chorion, with the allantois within, is similar to the 
outer limb of the ventral part of the albumen sac, but the 
inner limb of the latter is consequently not represented on the 
dorsal side. Dorsally the inner wall of the albumen sac is 
formed only by the original chorion of the region, the sero- 
amnionic connection being included (Fig. 117). About the 
time the albumen sac is completed, by the fusion of the mem- 
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branes forming its outer wall, the sero-amnionic fusion becomes 
perforated, and the albumenous material partly passes into 
solution in the anmionic fluid. For the most part, however, 
the albumen is absorbed through the walls of the albumen sac. 
This is fully accomplished toward the close of the embryonic 
period, and the albumen sac then remains as an appendage of 
the yolk-sac, with which it passes into the body of the embryo 
at the end of incubation. 

The most characteristic feature of the allantois is the extreme 
vascularity of its outer wall. The withdrawal of the albumen 
from the greater part of its surface leaves the fused chorion 
and outer allantoic wall in direct apposition to the shell mem- 
brane. The chorionic layers become extremely thin and 
the shell membrane becomes very porous, so that there is an 
easy exchange of gases between the outside air and the capil- 
laries of the outer allantoic wall. These capillaries arc very 
wide and extremely abundant, so altogether the allantois is a 
very eflBcient respiratory organ. 

The inner wall of the allantois, as already mentioned, fuses 
with the anmion in the region dorsal to the embryo, during the 
second week of incubation. Here as elsewhere in the inner 
wall, muscle fibers may develop. Later on, as the period of 
incubation draws toward its close, it fuses also with the yolk- 
sac. The cavity of the allantois remains connected with the 
cloaca by the tubular allantoic stalk. It is filled with a fluid 
containing the excretory products, received from the cloaca 
where the excretory ducts discharge. 

Von Baer's account of the principal events associated with 
the hatching of the young chick, is summarized in the two 
following paragraphs quoted from Lillie ('' Development of the 
Chick/' p. 232). 

"About the fourteenth day the growing embryo accommo- 
dates itself to the form of the egg so as to lie parallel to the long 
*xis with its head usually toward the broad end near to the air- 
chamber. Sometimes, however, the embryo is turned in the 
reverse position (Von Baer). The head is bent toward the 
l^ieast, and is usually tucked under the riglit wing. Important 
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changes preparatory to hatching take place on the seven- 
teenth to nineteenth days. The fluid decreases in the amnion. 
The neck acquires a double bend so that the head is turned 
forward, and, in consequence, the beak is toward that part 
of the membranes next to the air-chamber. The intestine is 
retracted completely into the body-cavity, and on the nine- 
teenth day the yolk-sac begins to enter the body-cavity. On 
the twentieth day the yolk-sac is completely included, and 
practically all the amniotic fluid has disappeared. The chick 
now occupies practically all the space within the egg, outside 
of the air-chamber. The umbilicus is closing over. The 
ductus arteriosi begin to contract, so that more blood flow^ 
through the lungs! The external wall of the allantoic fusecj 
with the chorion still remains very vascular. 

"Now, if the chick raises its head, the beak readily pierc^^ 
the membranes and enters the air-chamber. It then begixxs 
to breathe slowly the contained air; the chick may be hearxf, 
in some cases, to peep within the shell two days before hatch- 
ing, a sure sign that breathing has begun. But the circulation in 
the allantois is still maintained and it still preserves its respi- 
ratory function. When the chick makes the first small opening 
in the shell, which usually takes place on the twentieth day, it 
begins to breathe normally, and then the allantois b^ins 
to dry up and the circulation in it rapidly ceases. It then 
becomes separated from the umbilicus, and the remainder of 
the act of hatching is completed, usually on the twenty-first 
day.^^ 

References to the literature are given at the end of Chapter V. 



:i 



CHAPTER V 

THE LATER DEVELOPMENT OF THE CHICK: 

ORGANOGENY 

Paob 

I. THE NERVOUS SYSTEM 302 

1. The Centred Nervous System 302 

2. The Cranial and Spinal Ganglia 309 

3. The Peripheral Nervous System 311 

A. The Spinal Nerves and the Sympathetic System . . 311 

B. The Cranial Nerves 313 

II. THE SPECIAL SENSE ORGANS 316 

1. The Eye 316 

2. The Ear 321 

3. The Olfactory Organ 325 

III. THE ALIMENTARY TRACT AND ITS APPENDAGES . . 326 

1. The Organs of the Fore-gtU 326 

2. The Organs of the Hind-gut 334 

3. The Mid-gut 334 

IV. THE VASCULAR SYSTEM 336 

1. The Heart 337 

2. The Aortic Arches and the Arterial ^System 340 

3. The Venous System 343 

4. The Lymphatic System and Spleen 349 

V. THE CAVITIES OF THE BODY 350 

VI. THE LATER HISTORY OF THE MESODERMAL SOMITES * 352 

VII. THE URINOGENITAL SYSTEM 354 

1. The Excretory System 355 

A. The Pronephros and the Pronephric Duct (Wolffian 

Duct) 355 

B. The Mesonephros 356 

C. The Metanephros 358 

2. The Reproductive System 359 

A. The Reproductive Ducts 360 

B. The Gonads 361 

3. The Adrenal Bodies 363 

It remains now for us to describe the chief events in tlie 
ment of the systems and organs of the embryo, from the 

301 



^^velop 



302 OUTLINES OF CHORDATE DEVELOPMENT 

condition at which we left them, for the most part about the 
thirtieth hour. We shall limit this account to little more 
than the bare mention of the more important morphological 
alterations of structure, considering the systems separately. 

I. THE NERVOUS SYSTEM 

1. The Central Nervous System 

We have already traced the development of the central 

nervous system up to the formation of the spinal cord and. 
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brain, and the establishment, in the latter, of the primary 
liind-, fore-, and mid-brains. In connection with the pri- 
mary fore-brain we noted the rudiments of the optic veaicte, 
and in the primary hind-brain the series of six neuromerw, 
or brain segments, whicli are clearly distinguishable at the 
tliirty-liour stage described. 
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Li earlier stages neuromeres have made a brief, transitory 
appearance in the fore- and mid-brains as well. Thus in the 
embryo of about twenty-three hours (4 pairs of somites), Hill 
has distinguished eleven neuromeres, all told. Of these three 
are in the region of the future fore-brain: these disappear 
about the twenty-sixth hour (7 pairs of somites). The mid- 
brain includes only two neuromeres, which remain distin- 
guishable until about the thirty-fifth hour (14 pairs of somites). 
The six neuromeres of the hind-brain are the best marked, and 
are visible for several days (Fig. 122). 

The next important advance consists in the transverse con- 
striction of the primary fore- and hind-brains each into two 
sections, making in all five regions in the brain. The pri- 
mary fore-brain, or prosencephalon ^ is divided into the anterior 
telencephdlony or secondary fore-brain, and the posterior 
diencephalon, or between-brain. Then following the un- 
divided mid-brain, or mesencephalonj come the two divisions 
of the primary hind-brain, or rhombencephalon; the anterior 
of these is known as the metencephalon, the posterior as the 
myelencephalon. The myelencephalon continues directly into 
the spinal cord. 

We may now proceed to describe the principal structures 
arising in connection with each of the secondary divisions of 
the brain. 

The telencephalon includes only the first neuromere. This 
portion of the brain, it will be recalled, is directed backward 
beneath the fore-gut, its morphologically anterior end actually 
being directed postero-dorsally (Fig. 123). The telencephalon 
expands vertically and the optic vesicles remain connected 
with its ventral side. As the optic vesicles push out toward 
the surface of the head, their connections with the brain 
become narrowed as the optic stalks. The cavities of the 
vesicles remain continuous, through the stalks, with the 
cavity of the telencephalon (Fig. 127), and a median depression 
in the floor of the telencephalon, between the openings of the 
cptic stalks, becomes well marked as the recessus opticus (Fig. 
123). This optic recess, and a short stretch of the brain- wall 
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immediately in front of it, not now distinct but difTerentiating 
lat«r, together mark, morphologically, the true anterior end 
of the centra] nervous system. 

Ilie anterior and lateral portions of the telencephalon now 
begin to expand, giving the effect of a constriction at its 
posterior limit. This apparent constriction of the dorsal wall 
of the fore-brain is the velum transversum, which marks the 
separation between telencephalon and diencephalon. In these 
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the cerebral hemispheres. The cavity of the telencephalon is 
continued into the cerebral hemispheres as the IcUeral ven- 
tricles, known also as the first and second ventricles of the 
brain. The reduced median cavity of the telencephalon 
mains, forming the anterior portion of the third ventricle; the^^j^ 
openings of the lateral ventricles out of the third ventricle 
known as the foramina of Monro. The cerebral hemispheres 
enlarge rapidly and soon grow out, either side of the mid-line^a^^g 
far in front of, and above, the original extent of the telenrr^^n. 
cephalon, which remains limited to a narrow median strip do 
sally and anteriorly (Fig. 124). The ventral and lateral wsUfT^Us 
of the cerebral hemispheres soon become greatly thickened, fe ^ 
the corpora striata, or basal ganglia, which finally become g^ 

large that they nearly obstruct the lateral ventricles. El 
where the walls of the hemispheres remain comparativ 
thin. 

The dorsal region of the original telencephalon remains ^m. 
bedded between the hemispheres. On its dorsal surfa.<e^ 
immediately in front of the velum transversum, it becorsc^ 
invaginated as the paraphysis. That part of its walls in froz?^ 
of the recessus opticus, as far as the level of the foramina of 
Monro, forms the lamina terminalis; this remains very thin 
except in its middle where the anterior commissure develops 
later. 

The diencephcUon includes the second and third neuromeres. 
Its antero-dorsal and antero-ventral limits are marked, re- 
spectively, by the velum transversum and the recessus opticus. 
Posteriorly it is marked off from the mesencephalon ventrally 
by an elevation in the floor, the tubercvlum posterius, and 
dorsally by a broad depression of the wall (Fig. 123). 

Like the telencephalon, this also is vertically extended, to 
cavity forms, together with the median cavity of the telen- 
cephalon, the third ventricle. Just behind the recess\is opticus 
the ventral and ventro-lateral walls are thickened as theopft^ 
chiasma, and just back of this is a well-marked evagination, 
the rudiment of the infundibulum. The lateral walls of the 
diencephalon remain thin for a time, but later become greatly 






THE LATER DEVELOPMENT OF THE CHICK 307 

thickened as the optic thalami. The roof remains thin and 
considerably expanded; in the region of the velum transversum 
the roof of the diencephalon and telencephalon becomes modi- 
fied into the folded choroid plexus of the third ventricle (Fig. 124). 
Back of this the diencephalic roof is evaginated as the tubular 
epiphysis or pineal body. Finally a thickening in the dorsal 
vr&U marks the posterior dorsal limit of the diencephalon; this 
is the rudiment of the posterior commissure. 

The mesencephalonj or mid-brain, forms the topographically 
anterior part of the brain, projecting considerably in advance 
of all the other structures of the embyro (Figs. 113, 114, 123). 
It includes the fourth and fifth neuromeres. It remains 
relatively undifferentiated for a considerable period, but later 
its dorsal and dorso-lateral walls evaginate and thicken, form- 
ing the optic lobeSj which include a part of the original cavity 
of the mesencephalon. The central portion of its cavity, now 
greatly restricted, remains as the aqueduct of Sylvius^ or iter, 
continuing posteriorly from the third ventricle. The ventral 
and ventro-lateral walls of the mesencephalon thicken to form 
the great nervous pathways from the optic lobes to other cen- 
ters, known as the crura cerebri. Back of the optic lobes the 
mesencephalon remains undilated as the isthmics, leading 
directly to the metencephalon (Fig. 124). 

The metencephalon y lying dorsal to the anterior tip of the 
notochord, consists of only the sixth neuromere, and is thus 
Very short. The cavity of the metencephalon is not separable 
from that of the succeeding section, the myelencephalon; to- 
gether they are known as the fourth ventricle. The walls of the 
metencephalon thicken slowly, though steadily, during the 
early days of incubation. Later the dorsal and dorso-lateral 
^gions become very greatly thickened, forming the cerebellar 
hemispheres, or cerebellum. The ventral and ventro-lateral 
Walls also thicken very considerably to form the pons Varolii. 

Thfe myelencephalon^ the last division of the brain, includes 
the seventh to eleventh neuromeres, indications of which re- 
^am visible, ventrally, until about the fourth day. Its cavity, 
^ said above, is the fourth ventricle. The roof of this section 
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remains thin and non-nervous, and ultimately forms the cho- 
roid plexus of the fourth ventricle. The ventral and ventro- -^ 
lateral walls become greatly thickened as the medvUa oblongata ,^ 
or spinal bulb. This region becomes flexed ventrally forming^& 
the pontine flexure (Fig. 124). The cervical flexure ^ previously^^ 
mentioned, is gradually disappearing, but the original craniaL 
flexure of the mesencephalic region remains as a pe^manen^ 
feature of the brain. 

Posteriorly the elongated myeleneephalon passes into th 
spinal cord. This is of lesser diameter than the medulla, an 
at first is vertically elongated with somewhat thickened late; 
walls. Its cavity, the central canal, continuous with the four#^ 
ventricle, is narrow but deep. The lateral walls continue ^^ 

thicken and finally the cord becomes approximately circulKr]^ 
in section, and its cavity is reduced to a very small tube by tiizmbe 

fusion of its dorsal walls. The median dorsal and vent^ ral 

walls of the cord remain thin. As the lateral walls begin iq 
thicken their constituent cells become highly diflferentiat:- -ed. 
The original epithelial elements of the neural tube become ^dif^ 
ferentiated as the ependymal cells; these are non-nervous, s-^p. 
porting cells. The free ends of the ependymal cells, borde:»-ib^ 
the central canal, become ciliated. The embryonic nerve ce/fe^ 
or germinal cells, originally scattered through the epithelial 
colls, multiply rapidly and form both neuroblasts, which give 
rise to the gray matter of the cord, and non-nervous supporting 
cells or glia cells. From the neuroblasts various processes grow 
out, for the most part remaining within the central nervous 
system and forming m part the white matter. Some of the 
neuroblasts of tlie vontro-latcral regions (ventral cornua) send 
out processes which leave the central system as the components 
of the ventral or motor (efferent) roots of the spinal nerves. 

From the functional standpoint the most important facts 
concerning the development of the central nervous sj'sten 
are the histogenetic processes going on in the different regior 
of the walls of the brain and cord, esi)ecially the establishme' 
of the various centers (nuclei) and tracts. Although of t 
greatest importance and interest, all such details lie with' 
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the scope of this work. (Further information on this general 
subject is found, together with references to the literature, 
in Johnston^s "Nervous System of the Vertebrates," Philadel- 
phia, 1906.) 

2. The Cranial and Spinal Ganglia 

These structures are derived from the neural crests^ whose 
formation has already been described. The neural crests 
finally extend the entire length of the nervous system. In 
t,he trunk region they begin to extend laterally between the 
octoderm and the mesodermal somites. In the intervals 
between successive somites the neural crest becomes inter- 
rupted, the cells apparently, though not certainly, being 
converted into mesenchyme. By this process each crest is 
broken into a metameric series of cell-groups. These groups 
are the rudiments of the spinal ganglia, and therefore also of 
the dorsal (afferent) roots of the spinal nerves. Each group 
contains neuroblasts as well as indifferent cells, and very 
early comes into close relation with the cells of the adjoining 
somite. 

In the region of the somites of the head the neural crests are 
poorly developed, in correlation with the absence of ganglia in 
these segments. But throughout the remainder of the head 
they are well developed and form the rudiments of the ganglia 
and certain of the branches of the cranial nerves. As in the 
trunk region, the continuous crests are broken up by the con- 
version of certain regions into mesenchyme. The regions re- 
maining form the rudiments of the ganglia of the X, IX, VIII, 
VII, and V cranial nerves. The ganglia of the IX and X 
nerves arise together and are divided, toward the close of the 
second day into separate cell-groups by the formation of the 
gill-pouches of the region (Fig. 130). Thus the ganglion of the 
IX nerve, ganglion petrosum, is left just above the third visceral 
firch, and that of the X nerve, ganglion jugulare-nodosum, above 
the fourth and fifth visceral arches. Each of these acquires a 
connection with an ectodermal branchial sense organ, or 
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placode, just above the second and third visc^al pouches. 
These placodes are vestigial organs in terrestrial vertebrates, 
and this connection, as well as the existence of the placodes 
themselves, is of very brief duration. 

The ganglia of the YII and VIII nerves arise in common, 
from an enlarged part of the crest lying immediately in front 
of the rudiment of the ear. This cell-group, the acustico- 
facialis ganglion (Fig. 114), connects with the brain in the 
region of the third neuromere of the myelencephalon. It als(^ 
connects (about the forty-eighth hour) with a well-marked pla — 
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code on the first visceral pouch. The ganglion of the V nerve, 
trigeminal ganglion, is the most anterior of the series (Fig. 130). 
It coimects witli the first neuromere of the myelencephalon and 
sends outgrowths into the regions of both upper and lower 
jaws, as tlie rudiments of certain branches of the V nerve. A 
part of tlie mesenchyme of the mandibular and hyoid archfS 
is also formed from the cells of these rudiments, and especially 
from tlie neural crest anterior to the V ganglion. During M 
early stage in their formation from the crests, the rudinicuM 
of the V and VII gimglia connect with the surface ectoderm 
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around the first visceral pouch, and appear to receive cells pro- 
Ji/erated from this layer. This connection is not to be con- 
fused with the much later connections established by the VII, 
IX, and X ganglia with the epibranchial placodes. 

3. The Peripheral Nervous System 

We must distinguish here between the spinal and cranial 
xxerves. The spinal nerves, of which there are some thirty- 
^ight pairs distinguishable at certain stages, all develop essen- 
"fc ially alike, while the twelve pairs of cranial nerves may differ 
ridely form one another and from the spinal nerves, in their 
evelopment, as they do in morphology and in function. 

A. THE SPINAL NERVES AND THE SYMPATHETIC SYSTEM 

Each spinal nerve is a complex, including parts of unlike 

^"unction and relation to other structures. For our present 

I>urposes it will be necessary to distinguish only the dorsal or 

^^fferent and the ventral or efferent portions, and in each of these 

'tlie somatic (somatopleural) and splanchnic (splanchnopleural) 

pMithways. Brief reference to the sympathetic system may be 

included here because it is obviously derived, to a certain 

Extent, from the same rudiments as are the spinal nerves. 

The rudiments of the somatic afferent portions of the spinal 
xierves are the cell-groups derived from the neural crests de- 
scribed above, i.e., the spinal ganglia. During the third day 
the neuroblasts of the spinal ganglia send out processes (axons, 
axis cylinder processes) in two directions, centripetally into the 
spinal cord, and centrifugally, meeting and joining the ventral 
it)ot; the cell bodies thus remain as the spinal ganglion cells. 
The ventral root of each spinal nerve is efferent and is composed 
of outgrowths (axons) from both somatic and splanchnic neuro- 
blasts located in certain regions of the ventral comua of the 
8pinal cord. The dorsal and ventral (afferent and efferent) 
^^oots unite a short distance from the cord forming the spinal 
^crve trunk. This trunk then immediately divides into tliree 
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main branches (Fig. 126); first is given off ventrally a large 
branch to the sympathetic system, the ramus communicans (see 
below). These fibers are finally distributed to splanchno- 
pleural derivatives, and are derived from both dorsal and 
ventral roots. The trunk then separates into dorsal and ventraL 
branches, each containing fibers from both roots, which ar^ 

distributed chiefly, though not wholly, to somatopleural struc 

tures, the integument and stri . 

ated muscles. Opposite the liml> 

buds the spinal nerves acconik^^ 
pany extensions of the somit^^^ 
into the limbs and provide the- 
innervation, supplying the 
cles and integument. 

Meanwhile the sjonpathet. 5c 
system has been forming. Dlx r- 
ing the third day some of tie 
neuroblasts of the spinal ganglia 
send out processes which exte^nd 
downward toward the aorta; 

FlQ. 126. — Diagram of the chief , , , xi_ x-l i i 

elements of the sympathetic nervous then alOUg the patUS tllUS marked 
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aorta; ap, aortic plexus; d, dorsal the Spinal ganglia, and Others 
Sa7"U"uLr^■T„tsu„"T=^": from the spinal cord itself, mi- 
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sympathetic elements in intestinal Spmal COrd, arOUUd the dOrsal 

:fn;J' (Xrtf 'r^ot'^^'spinli aorta. These migratory cells 

nerve: /, primar>' sympathetic cord; thuS establish a pSLlT of longi- 
//, secondary sympathetic cord. . t i j xi. • -- 

tudmal cords, the primary sym- 
pathetic cords (Fig. 126). Other migratory neuroblasts from 
the spmal gangha then form somewhat similarly, a pair of 
secondary sympathetic cords just above the primary cords. 
The secondary cords then become connected segmentally with 
the spinal ganglia, by processes from the secondary cord cells 
which extend back into the ganglia and through the dorsal spinal 
root into the spinal cord. The primary sympathetic cords give 
rise to the prevertebral plexuses, but otherwise disappear en- 
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tirely during the sixth and seventh days. The secondary sym- 
Dathetic cords are the rudiments of the major portion of the 
Jefinitive sympathetic cords of the adult, and the groups of 
ibers connecting these cords with the spinal ganglia become 
he rami communicantes. The secondary sympathetic cords 
)ecome ganglionated, and additional processes grow out, con- 
lecting with the ganglia derived from the primary cords, 
v'hose cell processes are finally distributed in a complex man- 
ler to the visceral surfaces. The cardiac plexus, and the 
>lexuses of the viscera, arise chiefly from neuroblasts migrating 
Jong the X nerves from the hind-brain and X ganglion. 

Two other important groups of fibers pass by way of the rami 
rommunicantes; these are (1) the visceral afferent fibers be- 
onging with the dorsal spinal root and ganglion, which pass 
>y way of the sympathetic trunks to their distribution in the 
risceral sensory surfaces, and (2) the visceral efferent (motor) 
Ibers from the spinal cord and ventral root, to their distri- 
lution in the visceral musculatiu*e. These latter fibers, al- 
hough arising in the cord and forming an important part of 

he spinal nerve, are really to be regarded as components 

f the sympathetic system. 

B. THE CRANIAL NERVES 

rhe cranial nerves exhibit in their development a variety that 
allels their diversity in morphology and in function. It is 
able, however, to relate many of them to parts of the typical 
al nerves, and like these they have two sources, ganglia from 
leural crests, and neuroblasts within the spinal cord. The 
Is of their development are complicated and we may in- 
here only a few of the more imix)rtant facts in connection 
each nerve. The more posterior cranial nerves show 
r similarity to the spinal nerves, and as we pass forward 
iverge more and more widely from this type. 
XII Cranial Nerve (Hypoglossus), — This is the nerve 
ted with that part of the cord which has most recently 
included within the medulla, i.e., the region pf the first 
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four mesodermal segments. It arises as two pairs of roots, 
similar to the ventral spinal nerve roots, in the region of the 
last two segments of the head. The two roots join and the 
nerve then passes around, posteriorly to the last gill-pouch, to 
the floor of the pharynx, where it is distributed to the muscle 
of the tongue; it is thus visceral efferent. 

The XI Cranial Nerve {Spinal Accessory), — ^The developmen 
of this nerve in the chick is imknown. The XI nerv^e is to 
regarded as a separated caudal portion of the X nerve anc^ 
since it is visceral efferent (although supplying voluntary mu^^ 
cles in the higher vertebrates), its development is probably nccizfc. ot 
unlike that of the visceral efferent elements of the X nerve. 

The X Cranial Nerve (Vagus or Pneumogastric) . — ^This lar^^ ^^ 
nerve is really a complex, consisting of the nerves associat^^ ^^ 
with the third and fourth visceral pouches. It is chie^- /jy 
visceral, both afferent and efferent, and in addition to ii^ 

visceral-pouch branches, it sends branches back to certain q/ 
the viscera. 

The formation of the primary vagus ganglion has been —de- 
scribed. This divides mto two parts, one remaining in j^ 
original position {ganglion nodosum) j the other moving dc^n^xj 
between the fourth and fifth visceral arches {ganglion juguUE-w^l 
Its ventral root is multiple, a large number of outgrowths trcm 
the cells of the medulla converging to the ganglion nodosuiD^ 
from which connections are made with the sympathetic system. 
From the ganglion jugulare branches grow out to the gill-pouci 
region, and a large branch passes posteriorly to supply tie 
thoracic and abdominal organs. Neuroblasts accompany these 
branches and later form the sympathetic ganglia of the organs 
innervated. 

The IX Cranial Nerve {Glossopharyngeal). — This is to be re- 
garded as a separate anterior portion of the vagus group. It 
is the nerve of the second visceral pouch (first branchial pouch). 
Its develof)m(^nt is essentially similar to that of the branchial 
portions of the X nerve, with which it forms a connection. 

The VIII Cranial Nerve {Auditory). — As already noted the 
VIII ncTve arises hi common with the VII. A posterior part 
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of the common acustico-facialis ganglion becomes intimately 

related with the rudiment of the ear (auditory sac) and later 

differentiates in situ. It has no efferent fibers equivalent to 

the ventral spinal roots or to the efferent components of the 

cranial nerves so far described. 

The VII Cranial Nerve {Facial). — ^That portion of the acus- 
tico-facialis ganglion remaining after the differentiation of the 
VIII ganglion and nerve, remains as the geniculate ganglion 
of the VII nerve. This connects with the medulla in the usual 
fashion, and distally fibers grow out into the vicinity of the 
first or hyomandibular visceral pouch (spiracle) with which 
this nerve is primarily related. In the chick it is chiefly 
VTsceral efferent, but the development of these motor compo- 
nents is not known, although the cells composing its nuclei of 
origin in the medulla, have the usual position relative to other 
centers. 

The V Cranial Nerve {Trigeminal). — The trigeminal ganglion 
derived from the neural crest connects with the medulla in the 
usual way and early becomes partially divided. From the 
smaller anterior portion {profundus ganglion) fibers grow for- 
"^vard as the deep ophthalmic branch, while from the posterior 
part {trigeminal ganglion proper) arise the branches distributed 
to the upper and lower jaws. This nerve is chiefly somatic 
afferent, its small efferent component developing typically 
diiring the fourth day. 

The IV and VI Cranial Nerves {Trochlear and Abducent). — 
These two nerves have many characteristics in common. 
They are purely motor, distributed to muscles of the eye-ball 
(superior oblique and external rectus, respectively), and con- 
sequently have no ganglia outside the medulla. They appear 
i^latively late (fourth day), the IV from the dorsal surface of the 
isthmus, the VI from the ventral side of the myelencephalon. 
The III Cranial Nerve {Oculomotor). — Tliis too is chiefly 
tootor, supplying the remaining muscles of the eye- ball. Its 
fibers grow out from the ventral side of the mid- brain and 
extend into the mesenchyme around the developing eye. 
Associated with its motor elements are afferent components 
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growing out from the ciliary ganglion. The neuroblasts form- 
mg the ciUary ganghon appear to migrate from the neura" 
tube and from the profundus gangUon of the V nerve. Thes< 
afferent fibers seem to arise in the muscles of the eye-ball. 

The so-called / (Olfactory) and // (Optic) cranial nerves wi^^gil 
be considered in connection with the development of the sen^_^ 
organs with which they are associated. 

IL THE SPECIAL SENSE ORGANS 

1. The Eye 

We have described in the preceding chapter the formatr ion 
of the optic vesicles from the primary fore-brain, and — tie 
differentiation of the optic stalks, which remain related \i— .^f|j 
the ventral side of the diencephalon either side of and poste^Kior 
to the recessus opticus (Fig. 125). The optic stalks and vesl ^les 
are the rudiments of only the essential^ or sensory (recipi^ny 
and nervous elements, of the eye. All of the other acces^sory 
parts of this complex organ are differentiated from other tissues. 

While the tubular optic stalk remains comparatively shoit, 
the optic vesicle enlarges rapidly and soon (thirty hoxirs) 
reaches the surface ectoderm of the head. The continued dih- 
tion of the vesicle occurs mostly above the level of the staJt, 
which therefore remains related with the ventral side of the 
vesicle, as of tlie brain (Fig. 128). Now there appears a thick- 
ening of the ectoderm opposite the optic vesicle; this is the 
rudiment of the lens. Both the optic vesicle and the rudiment 
of the lens then proceed to invaginate, independently, but in 
the same direction (Figs. 127, 128). 

The invagination of the optic vesicle, which converts it into 
the two-layered optic cup, is not a simple hemispherical invagi- 
nation. The invaginating region begins about in the middle 
of the outer wall of the vesicle and extends thence downward, 
to the attachment of the optic stalk, as a vertical groove. The 
distal wall of the vesicle rapidly folds in toward the proximo' 
wall and nearly obliterates the original cavity of the vesicle. 
just as tlie invaginating endoderm of the Amphioxus gastrula 
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urates the blastococl. The result is the formation of a two- 
sd optic cup; its inner layer, which may now be distin- 
ed as the retinal layer is already quite thickened, while its 




127. — Diagrams illuBtrating the development of tbe eye in the chick. 
Ftoriep (Hlightly modified). A. TranHveree eecIioD through part of the 
aiD and optic VMiclea of a chick, late the second day of incubatioD. On 
. the section paeeee through the optie stalk, on the right to one aide of it. 
ABverse section through the optic vesicle and BSBociated structures at the 
the second day. C Same. Rliithtly later. D. Section through the pupil- 
■ion of the eye, the latter part of the fifth day. a. Anterior chamber 

ee, ectoderm of head {cpiderroisji rck. ectoderm of cornea; F, cavity (or 
1 fi) of (ore-brain: t. inner or retinal layer of optic cup; ir, mesoderninl 
mt of iris; I, lens; m. mesoderm; mk, mesoderm of cornea; o. outer or pig- 
lyer of optic cup: (. optic stalk; r. cavity of primary optic vesicle (in C and 
ly obliterated by the invagination of the optic vesicle to form the optic 



layer has become quite thin (Figs. 127, 128). Tlie new 
Y of the optic cup is tlie rudiment of the large jioslerior 
ber of the eye. The cavity of the cup is at first widely 

toward the lens and ectoderm, but its margin rapidly 
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draws together somewhat. In the middle of the cup, oppt 
the lens, it remains open as the circular rudiment of the p 
Ventrally from this the rim draws together more cIq 
leaving only a narrow slit-like opening extending from 
pupil to the attachment of the optic stalk; this is known at 
choroid fissure (Fig. 128). The choroid fissure remains i 
for several days and takes an important part in determi 
the course of the later development of the eye. 

We must now return to trace the formation of the 
The ectodermal thickening mentioned above rapidly ext< 




Fia. 128. — DiasTBios o( aeetions through the eye of the rhick embryo i 
end of the sc<rond day. AfCer Lillie. The dorsal tnargin is toward the top 
pag? in A and B. A. Eye an viewed directly. B. Vertical Bcction throu) 
line x-c/, in A. C. HorJiootal section through the line tf-V. ioA. cf. CI 
fissure; ct. cavity of primary optic vesicle; ee, superficial ectoderm of be 
inner or retinal layer of optic cup: I. lens; o. outer or pigmented layer of 
eup; of. opening of lens sac from surTaco of head; pc. posterior chamber o 
a, oplic Btulk, conlinuoua with the floor and lateral wall of the dienc«phal 

and proceeds to invagiuate toward tlie invaginating re 
layer. Its wall thickens as it invaginatcs simply, and 
after the invagination of the retina! layer is completed, 
lens se])arates from the ectoderm, forming a flattened ve 
lying in the cavity of the optic cup. 

These events arc completed during the third day, and 
the optic cup enlarges very rapidly for a time, forming a I 
cavitj' ((Hiaterior chamljer) stil] ojx^n through the pupil 
tlie clioroid fissure. From tlu' rudiments now established 
from the surrounding mesoncliymc, the parts of the f 
formed oye are all derived. \Vc may mention only a few of 
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more important events in the further history of the structures. 
The optic cup extends ventrally as well as in other directions, 
so that the attachment of the optic stalk appears no longer 
connected with the ventral side, but rather with the middle of 
the proximal hemisphere, nearly opposite the pupil and lens; 
this is known as the fundus region. Associated with this 
change is a decided alteration in the character and relations of 
the choroid fissure, which will be described below. 

About the sixth or seventh day the thick inner layer of the 
optic cup becomes clearly differentiated into a proximal or 
T^tinal zone, and a distal or lenticular zone. The former in- 
cludes rather more than the proximal hemisphere, while the 
latter forms a broad band bordering the pupil. The retinal 
portion becomes transformed later into the sensory and nervous 
parts of the eye; the thin outer layer in the retinal zone of the 
cup is not sensory, but is transformed into the pigmented 
layer of the retina. Both the inner and outer layers of the cup 
in the lenticular zone share in forming the rudiments of the 
iris and ciliary process. The separation between the rethial 
^cuid lenticular zones is marked in the developed eye by the 
<^a serrafa. 

In the lenticular zone the thin outer layer fuses with the 
inner layer, becomes pigmented, and together with mesenchyme 
c?ells of the region they form the iris (Fig. 127, Z>). The proper 
xnuscles of the iris are not derived from the mesenchyme, but 
ftom bud-like outgrowths of the lenticular zone (ectoderm). 
The ciliary process is at first a series of folds of the lenticular 
^one around the base of tlie iris, but soon these folds are 
invaded by mesenchyme cells which form the muscles of the 
oiliary process. 

During the expansion of the optic cup the margins of the 
choroid fissure have come into close apposition, nearly closing 
the fissure. Owing to the originally ventral attacliment of 
the optic stalk the retinal layer is continuous, either side of the 
fissure, with the lower side of the stalk, and the connection 
extends through about one quadrant of the optic cup, i.e., 
from the fundus nearly around to the margin of the retinal 
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zone. Some of the retinal layer cells form neuroblasts, and 
from these nerve processes (axons) grow out. along the inner 
surface of the retina toward the attachment of the optic stalk. 
Finally they extend, by way of the margin of the choroid 
fissure, into the stalk, from all parts of the retina, and thence 
into the wall of the diencephalon (optic thalami) to the optic 
lobes. The consequent thickening of the ventral walls of the 
optic stalks forming the optic tracts, leads to the disappearance 
of the original cavity of the stalk. The solid stalks or optic 
tracts, are commonly known as the // cranial or optic nerves 
(Fig. 128). 

In the meantime the free inner margins of the choroid 
fissure have extended up into the cavity of the optic cup 
(posterior chamber), and finally they fuse forming a low ridge, 
the whole length of the original fissure, enclosing between 
them a bit of mesenchyme which had extended into the fissure 
from without. Finally the lips of the fissure fuse together 
externally also, and the internal ridge is recognized as the 
rudiment of the pecten of the eye. This enlarges rapidly and 
ultimately forms a folded, fan-like organ, projecting some 
distance upward into the posterior chamber. 

The general content of the posterior chamber, known as the 
vitreous humor, is formed from the innermost cells of the retinal 
and lenticular zones. These cells send out branching processes 
tlu-ough the chamber and later add a secretion, thetwomateriak 
together making up the humor. 

Just after the rudiment of the lens separates from the 
surface ectoderm, its inner wall becomes thickened by the 
elongation of its single layer of cells. Finally their elongation 
becomes so marked that the original cavity of the lens vesicle 
is obliterated and the lens become solid. The epithelium on 
its outer face remains simple. This primary lens vesicle forms 
only the nucleus of the final structiu*e, for around this are 
laid down, beginning about the eighth day, a large number of 
concentric layers of cells, derived from the periphery of the 
lens region, where the thin outer lens epithelium becomes con- 
tinuous with the thick inner layer. These cells are formed 
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irregularly, but finally they assume a definite and regular 
arrangement. Layers are formed during the entire growth 
period of the organism and the number finally laid down is 
very large. At first the lens is in contact with the surface 
ectoderm, but it soon moves within the pupil, leaving a space 
between itself and the ectoderm. This is the beginning of 
(he anterior chamber of the eye (Fig. 127, D); it extends beyond 
the margin of the iris, and soon becomes invaded by mesen- 
chjTne cells, part of which are added to the iris, while others 
form the larger part of the cornea. 

The cornea is only to a slight degree formed by the surface 
ectoderm without the iris and pupil; only its superficial epi- 
thelium is thus derived. The major portion of the cornea is 
derived from mesenchyme cells which first form a single layer 
within the ectodermal epithelium (Fig. 127, Z>), and then later 
enter in large numbers between these two epithelia, forming 
layers of corneal cells. From the mesenchyme surrounding 
the entire optic cup are derived the choroid and sclerotic coats 
of the eye-ball. 

2. The Ear 

Like the eye, the fully formed ear is a complex, formed of 

elements of diverse origin, which become morphologically and 

functionally associated during development. The ear develops 

Somewhat later than the eye, in the region of the myelen- 

cephalon. Making the customary distinction between the 

primary or sensory, and the secondary or accessory portions, 

'We see that the true sensory portion is formed from the surface 

of the head, rather than the wall of the nervous system. The 

accessory parts are derived from the hyomandibular visceral 

pouch and the mesenchyme of the region. 

The first indication of the ear appears about the thirtieth 
hour as a circular thickening in the ectoderm on the side of the 
head, just in front of the level of the first mesodermal somite. 
This patch enlarges, becomes depressed and invaginated, and 
*lK)ut the beginning of the third day it has formed a consider- 
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able sac, the auditory sac or otocyst, connected with the surface 
by a narrow canal. The otocyst very early becomes vertically 
elongated and soon shows internally an oblique ridge on its 
inner or medial surface, indicating its division into an upper 
and inner part, and a lower and outer part, known respectively 
as the superior and inferior chambers. The superior chamber 
is extended vertically as a short tube with which the canal 
leading to the surface is connected. This tube is the rudimen-t;, 
of the endolympltalic duct (Fig. 129, A). On account of th^, 
dorsal expansion of the superior chamber along the outer sid^ 




Fio. J2B. — Two slaaea in the developmeot of the auditory organ of th« chiek. 
A. HemJsectcd modpl n( \.he auditory saf (olooyst) just before it« separatioa 
from the auiHrlirial (rctodorm of (he head. After Krauae. B, Median vim 
of a model of the left membranous labyrinth of an embryo of seven days and sereu- 
te*n hours. Aftpr Rolhis and Brugseh. a. Anterior vertical Bemicirralir 
ranal: oa. nmpuMn of anterior vertitral soniirirmlar canal; ap, ampulla of pMte- 
rior venirnl si'niirirrular eanal: rf. duetUB endoiympbaticiis; t, superficial «to- 
derm of head: /, InKeiia (rorhlea); p. rudiment of posterior vertical nemicirculii' 
ennal: », rudiment of saccule; u, utricle; x, connection between auditory mcW 
nuperficial ectoderm. 

of tlio endolymphatic duct, the latter appears to open into 
tlie inner side rather than into the ajx-x of the superior chambW' 
The narrow canal of the duct becomes closed during the fif'h 
day, and (lie t>t<)cy.«t soon thereafter loses all connection with 
the surface ectoderm. 

We may iitrtv mention the more important steps in the 
development of each of the.-ic three primary regions of tli^ 
otocyst. The endolympliatic duct grows dnrsally during the 
seventh and eighth days, and it.-* extremity dilates forming the 
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endolymphatic sac. This finally extends above the central 
nervous system, and lies embedded in the mesenchyme along 
the dorso-lateral surface of the myelencephalon. 

The superior chamber of the otocyst gives rise to the semi- 
circular canals and the utricle. The semicircular canals are in- 
dicated the fifth day, as three slight grooves in the wall of the 
«uperior chamber, approximately in the relative positions of the 
fully developed canals, save that the posterior canal is at first 
oblique to the other two. These grooves deepen and their 
jnargins meet converting them into canals, which remain open 
into the chamber at their extremities. The canals push out 
irom the surface of the otocyst carrying a thin sheet of its 
"%\'all which becomes perforated between the body of the superior 
<;hamber and the canals, leaving them free, except at their 
attached ends. The cavity of the superior chamber remaining, 
^fter the formation of the semicircular canals, is the utricle; this 
areceives also the opening of the endolymi)hatic duct, and 
Tentrally it opens into the inferior chamber of the otocyst. 
The ampullce of the canals appear as dilations very early 
(seventh day). 

The inferior chamber of the otocyst is the seat of origin of 
the saccule and the lagena or cochlea. The saccule appears 
(seventh day) as a swelling on the inner or medial wall of the 
extreme upper (dorsal) end of the hiferior chamber. The 
ventral end of this chamber pushes downward as the rudiment 
of the lagena or cochlea, while the intermediate region remains 
^ the cochlear duct. The lagena grows out for some distance, 
turning inward (medially) at its tip,* forming as a whole a 
look-shaped structure (Fig. 129, B). 

The epithelial lining of the otocyst has meanwhile become 
thinner, except in certain patches which mark the location of 
the maculcBj cristoe, and papillce of the fully formed ear. In 
these regions the epithelium assumes the typical character- 
istics of the acustic epithelium, and into each patch there 
extend nerve fibers (axons) from the cells of the VIII nerve 
S^nglion, which is intimately fused with the antero-ventral 
^ace of the otocvst. 
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The mesenchyme smromiding the otocyst differentiates into 
various structures during the development of the otocyst. 
First is formed a membranous layer which fuses with the ex- 
ternal surface of the complex otocyst and its derivatives, 
forming the membranoics labyrinth. Surroimding this the 
mesenchyme forms a loose tissue which becomes the perilymph, 
and around all of this comes finally a dense mesenchyme where 
the cartilaginous and later the bony labyrinths are laid down. 

We have thus far described only the structiu*es of the internal 
ear. It remains now to mention the chief facts regarding the 
development of the middle and outer ears. These develop 
partly from the pharyngeal cavity, and partly from the region 
of the hyomandibular visceral pouch and the surrounding 
mesenchyme. The hyomandibular pouch develops in two 
parts, a large ventral portion corresponding in general with 
the typical gill-pouch, and a smaller dorsal portion (Fig. 130, 
B). The former is transitory and disappears without becoming 
perforated, while the latter, which is perforated for a short 
time only, enlarges and becomes differentiated as a part of the 
middle ear or tympanic cavity. The major portion of this 
cavity is, however, derived from the cavity of the pharjmx 
adjoining the dorsal portion of the hyomandibular pouch. 
This part of the pharynx becomes incompletely cut off from 
the remainder of the pharyngeal cavity by a horizontal shelf or 
partition, a narrow slit remaining open in the mid-line. The 
narrow pharyngeal space thus formed, and the dorsal portion 
of the hyomandibular pouch, enlarge distally, between the 
otocyst and the surface of the head, as the rudiment of the 
tympanic cavity; the narrow medial portion of the pharyngeal 
space becomes the Eustachian tubeSy opening into the pharjTix 
by the slit mentioned. 

The mesenchyme of the dorsal wall of the tympanic cavity 
becomes differentiated into the two inner auditory ossicles, . 
The cavitv then extends dorsallv around either border of thit 
mesenchymal region, which is thus formed into a stalk contain—, 
ing the two ossicles and connecting the surface of the heat 
with the wall of the otocyst (twelve days). 
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Meanwhile the external auditory meatus forms, as a depression 
on the surface of the head between the dorsal and ventral 
portions of the original hyomandibular pouch. This depres- 
sion deepens and finally the tympanic cavity meets it; the 
membrane separating the two cavities does not perforate, but 
remains as the tympanic membrane or ear-drum. In the in- 
terior of this membrane, the mesenchyme which remains be- 
tween its outer ectodermal and inner endodermal layers, dif- 
ferentiates into the stapes^ which comes into relation with the 
malleus and incus, already marked out in the mesenchymatous 
rod crossing the tympanic cavity. 

3. TJie Olfactory Organ 

Tina develops much later than the eye and ear, a fact which 
is possibly correlated with the secondary importance of the 
olfactory sense in the birds. Its appearance is made at the 
close of the second day, as a pair of circular thickenings in 
the superficial ectoderm just anterior to the eyes. These 
thickenings are due to the elongation of the epithelial cells and 
Daark the primary differentiation of the olfactory epithelium. 
Each patch soon becomes invaginated, forming an olfactory 
pitj which remains open to the surface of the head. Out- 
growth of the fore-brain produces an apparent shifting of the 
external openings of the olfactory pits to the ventro-lateral 
Surfaces of the head in the margin of the stomodaeum. The 
two pits are separated by a broad ridge, produced by the en- 
Vgement of the fore-brain; this is the fronto-nasal process. 
The outer border of the opemiig of the olfactory pit also 
^comes elevated, and about the fifth day becomes joined 
^ith the fronto-nasal process by a bridge of tissue, extending 
^I'oss the olfactory opening and dividing it into upper and lower 
portions. This bridge enlarges as the rudiment of a part of 
^^e upper jaw, and the two openings thus have quite different 
^'^tes. The upper is carried outward and upward and forms 
^he external nares; the lower is carried downward and inward 
v^latively) as the internal nares (choana). 
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Tlie olfactory pit has already begun to deepen before the 
division of its external aperture. The true olfactory epithe- 
lium, which is distinguished from the adjacent non-sensory 
epithelium by the fact that the former remains only one cell 
thick, is limited to the deeper part of the pit, so that the olfac- 
tory and respiratory portions of the olfactory chamber are 
sharply distinguished even in these early stages. During the 
fourth to eighth days, the internal nares are carried farther 
back by the development of the palate, and the three pairs of 
turbinates make their appearance, growing in from the outer or 
lateral wall of the chamber. The lower tiu*binate extends into 
the respiratory portion, the middle and upper tiu*binates into 
the olfactory portion; later, however, the epithelium covering 
the middle turbinate loses its olfactory character and becomes 
like that of the respiratory part. 

The true olfactory epithelium contains neuroblasts as well as 
ordinary epithelial cells. Superficially the former send out to, 
or above, the surface of the epithelium, short processes which 
are sensory or receptive in character. These same cells send 
out also long processes (axons) which grow into the wall of 
the adjacent telencephalon and form the true olfactory nerves. 
The sensory epithelium of the olfactory organ is therefore a 
neuro-epithelium. The I cranial nerve called the olfactory, is 
composed of these fibers. 

in. THE ALIMENTARY TRACT AND ITS APPENDAGES 

We have already described the formation of the main divisions 
of the embryonic gut; these are the fore-gut, with which we 
described the pharynx and oral plate, the hind-gut with the- 
postanal gut, and the mid-gut connecting with thesplanchni 
stalk. We sliall now review the early development of th 
various regions of the tract and of the appendages or derivative 
of each jwrtion. 

1. Organs of the Fore-gut 

We left the fore-gut, at the thirtieth hour, as the short hutt 
wide cavity of the head-fold, extending from the oral plate 
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to the anterior intestinal portal (Fig. 99). Later we have seen 
that, through the process of folding the embryo off the yolk, 
the splanchnopleural gut is rapidly extended posteriorly from 
the fore-gut and anteriorly from the hind-gut, and is closed 
in entirely, save where it communicates with the yolk-sac by 
way of the splanchnic stalk. That part of the gut which is thus 
formed primarily by the approach of the lateral embryonic folds 
is distinguished as the mid-gutj the definitive fore- and hind- 
gut being formed primarily by the head- and tail-folds. Em- 
bryologically the fore- and hind-gut are more important than 
the mid-gut, for in connection with these regions develop all 
of the important appendages of the alimentary tract. 

In connection with the fore-gut we have to describe the for- 
mation of the pharynx and visceral arches and pouches, the 
thyroid, the thymus and post-branchial bodies, the whole res- 
piratory tract, the oesophagus and stomach, the liver, and the 
pancreas; in addition we must include the stomodaeum and the 
structures derived from it, the hypophysis and the organs of tho 
l>uccal cavity. 

The stomodceum is an ectodermally lined depression on the 

Wer side of the head; the oral plate is at its bottom (Figs. 

%, 123, A). The depth of the stomodaeum is increased by the 

formation and growth of the jaws. As previously noted, the 

^^al plate becomes perforated during the third day and then 

Ri'adually disappears, the stomodaeum itself, however, is the 

®^at of several important organs. The hypophysis appears 

^bout the forty-foiu*th hour, as an elongated evagination from 

^t^ mid-dorsal wall, just in front of the oral plate (Fig. 123). 

^t grows directly toward the ventral surface of the diencephalon, 

*^^ the region of the infundibulum, wliich it reaches at about 

^He beginning of the third day. Later it becomes glandular, 

'^^ses its connection with the epithelium of the stomodaeum and 

J oins with the infundibulmn to form the glandular portion of 

ttie 'pituitary body. 

The cavity of the stomodaeum and the future buccal cavity 
I a.1-^ practically coincident, whether precLsely or not can hardly 
I o^ said^ on account of the disappearance of the oral plate 
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before the formation of any other landmark. The maxi 
and mandibular arches, whose formation is described b 
extend forward, around the sides of the stomodseum for 
the rudiments of the jaws; the buccal cavity is considei 
enlarged by their formation and their enlargement as the 1 
An incomplete palate is formed later, above which the phi 
geal cavity extends. On the upper surface of the hei 
formed a superficial horny egg-tooth, which is used in perf 
ing the shell and shell membrane at the close of incuba 
and on the margins of the jaws slight, transitory ridges ap] 
representing the vestiges of the enamel organ — all that t 
is left of the true teeth of other vertebrates. Although 
tongue extends forward into the buccal cavity, it is real 
pharyngeal derivative. 

The pharynx is the most complicated region of the 
bryonic gut. On account of the obliquity of the oral p 
the antero-dorsal portion of the pharynx may be describe 
pre-oral; this region is known as SeesselVs pouch, but wher 
oral plate disappears this is indistinguishable (Figs. 123 
130). We have already described, in connection with the 
the separation of this antero-dorsal portion of the pharyn 
the rudiment of a part of the tympanic cavity and the Ei 
chian tubes, which open into the pharynx through a me 
fissure in tlie palate, the tubal fissure. 

Beginning the second day there grow out from the wal 
the wide pharynx toward the surface of the head, a seri< 
paired, vertically elongated pouches, the visceral pouches I 
130). Of these there are four pairs, diminishing in size 
importance posteriorly. The first and largest is the hyoB 
dil)ular pouch, the other three are the branchial or gill-pouc 
the last of whicli is very feebly developed. These vise 
pouches, containmg extensions of the pharyngeal cavity, i 
out to the surface ectoderm witli which they fuse intimat 
dividing tlie body wall of tlie region into a series of vert 
sections between them; these are the visceral arches, 
visceral arches are composed chiefly of mesenchyme, in wl 
develop later tlie aortic arches and the cartilaginous visc( 
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Fia. 130. — Models of the pharyoi and aasocialcd struclurcs in tbe chick. 
After Kaatchenko. A. Ventro-1 sterol view of pharynx at the bcginnioc of the 
Uiird day. B. Lateral viow of the ptiarynx and assuciated ncrvouB and vasrular 
■tructures, at the end of the third day. Nervoua structures are left unshaded; 
vteriea in solid black; veins lightly stippled; pharynneal structures darkly 
■tippled, a. Auditory sac; oa, aortic arches: 10, dorsal aorta; c/, choroid fissure; 
a, posterior cardinal vein; dC, ductus Cuvieri: tj, external juftular vein: <>¥, 
~ nerisji ganglion of Y cranial nerve; gVIl, tteniculatc ganglion of VII cranial 
re; gyiJI- acustic ganglion of VIII cranial nerve; glX, Kanglion pelrosum 
<>f IX cranial nerve; gA', ganglion nodosum of X cranial nerve; h. hypophysis; 
u. internal carotid artery; j, internal juKular vein; i, rudiment of larynx; 0, oral 
eviginaljon of fore-gut; oc.rfsophagus: op, optic vesicle enclosing lens; P. pulmon- 
ary utery; pIX, placode of IX cranial nerve; pX, placode of X cranial nerve; 
*■ atomach; S, Seessel's pocket' (preoral gut): if, stomodieum; (, rudiment of 
ttMhea; 1-4, first to fourth visceral pouches (or their ventral portions, in B): 
W. id. dorsal portions of first and second visceral pouches; IX, glossopharyngeal 
"•"e; X. vagus nerve; XI, hypoglosBal nerve. 
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arches; each is covered externally by ectoderm, and internally 
and laterally by endoderra. Five visceral arches are thus 
marked out. The first is in front of the hyomandibular pouch, 
between this and the mouth, and is known as the mandibular 
arch. The second, or hyoid archj lies between the hyoman- 
dibular and the second visceral pouches, while the remaining 
three branchial arches (third to fifth visceral arches) lie pos- 
terior to the second, third, and fourth visceral pouches. Like 
the pouches these diminish in size and importance posteriorly, 
the last (fifth) being only a slight and transitory vestige. 

The vertical fusions of ectoderm and endoderm along the 
outer borders of the visceral pouches are interrupted just below 
the upper ends of the pouches, so that dorsal and ventral 
portions of each fusion are to be distinguished (Fig. 130, B), 
The surface of the head becomes depressed in the lines of fusion, 
so that a series of vertical grooves marks externally the dis- 
position of the visceral arches and pouches. 

The second visceral pouch (first branchial) is the best d 
veloped, and about the end of the second day both upper an 
lower fusions are perforated as the vestiges of a gill cleft; the 
perforations close during the fourth day without leaving an 
trace. In the third pouch a giU cleft is similarly formed an 
closed a little later. In the first pouch (hyomandibular) onl 
the dorsal fusion is perforated (spiracular cleft) shortly befo 
the perforation of the second pouch. No cleft appears in tki^ 
fourth pouch, only the dorsal portion of which fuses with the 
ectoderm. 

After the fourth day the visceral pouches become reducecf. 
The first undergoes a change in function and takes an essentia/ 
part in the formation of the tympanic cavity, as described 
above. For the most part the other visceral pouches finally 
disappear, but from parts of their epithelial walls the th)Tnus 
and the post-branchial bodies are derived. The thymus is 
chiefly derived from part of the dorsal epithelium of the third 
visceral pouch, but the fourth contributes to a small extent. 
A transitory anterior ]X)rtion of the thymus is derived 
from the epithelium of the second pouch. The thymus b^ 
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comes a very considerable embryonic structm^, extending 
finally throughout the neck region. The post-branchial bodies 
are epithelial bud>j connected with the fourth visceral jKHiches, 
They are to be regarded as vestiges of a fifth pair of visceral 
pouches and are thus serially homologous with the thymus 
elements (Fig. 131). 

The thyroid body also arises in connection with this part of 
the phar>Tix. This appears during the middle of the second 




fiQ. 131. — Derivatives o! the viat^eral pout^hes and assopiated nrgaos, in the 
Jkitlt. From Lillie (Develuptnent of the Chick). After Vetdun (Maurer). 
Cambiiied from (roatat sections. A. In embryo of seven days. B. In embryo 
Of eight days. Ep.3. Ep.4. Epithelioid bodira derived from third and fourth 
*i«ceral pouches; J, jugular vein; p'hr.. p'br. (V).. postbranchial bodies derived 
'tnai fifth visceral pouch; Ph.. pharynx; Th.3.. TkA.. thymus bodies derived 
'rom third and fourth viaceral pouches; T'r., thyroid bod)'; ///, IV, third and 
fourth visceral clefts, 

day as a thickened patch of cells in the floor of the pharjiix, 
between the lower ends of the second viscera] pouches, Tliis 
plate of cells evaginates toward the close of the secontl day 
(Kg. 123), and soon appears as an entirely closed sac beluw tlie 
pharynx. Later (seventh day) it divides into a pair of ve.'siclcs 
which enlarge and migrate a short distance posteriorly. 

Finally we must describe, as an appcnilage of the pharynx, 
the pulmonary tract. For a short distance behind the branchial 
'^on the pharynx becomes narrower and is deepened bj' the 
formation, late the second day, of a ventral groove (Fig, 130, 
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A), This groove is the beginning of the whole pulmonar — -v^ 
system. The depression becomes well marked early the thi^r^<:j 
day as the laryngo-tracheal groove, and its posterior enn^^ 
expands transversely forming the rudiments of the lungs. T^:^ ^ 
groove then becomes cut off from the pharyngeal cavity as tTiix-e 
rudiment of the trachea, remaining open out of the phary:xx:x 
only at its anterior end; this opening is the glottis, behind whie? jj 
the larynx develops later. From the eighth to the eleven t:.Ji 
days the glottis and larynx are obstructed by a cell mass, ars^^i 
the glottis itself remains closed for some time longer. 

Just in front of the glottis, in fact both immediately behin. -^ 
and in front of the thyroid rudiment, the floor of the pharynx ^^ 
elevated (fourth day), the two papillae thus formed representing S 
the beginning of the tongue. As these rudiments enlarge the ^ 
fuse together, the thyroid having been cut off meanwhile, m^"^ 
grow forward into the buccal cavity, finally extending nearly t^ ^^ 
the tip of the jaws. 

The bifurcated posterior extremity of the larjoigo-trachea 
groove or lung rudiment, grows backward through the sur- 
rounding mesenchyme; the tubes thus formed are the rudiments^ - 
of the bronchi. By a sort of budding process they form th« 
bronchioles and terminal alveoli of the lung proper. The meso- 
dermal parts of the entire pulmonary tract are derived from th^ -^^ 
splanchnic mesoderm of the primary gut-wall. The air-sac===^s 
are also formed from terminal dilations of branches of tlL^""^ 
bronchial tubes. 

Passing backward from the pharynx the gut is considerabM- y 
narrowed for a short distance as the oesophagus, but it soo-D 
expands again as the rudiment of the stomach (third day^. 
Before these organs are differentiated, however, the lit^^er 
appears. This makes its appearance toward the close of the 
second day, in the region where the fore-gut is at that time 
open by the anterior intestinal portal, i.e., just back of the 
future posterior limit of the stomach. Here two evaginatioiw 
of the ventral wall of the gut, or portal, push out, one above 
the other in the mid-line ; they extend forward as pouch-like out- 
growths, through the mesoderm of the ventral mesentery, below I ' -J' 
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he stomach region. This is the region where the great veins 
re converging toward the heart (ductus venosus, ductiis 
luvieri, see below). The anterior liver diverticulum appears 
ome hours before the posterior, and as it grows forward it lies 
the left, the later posterior diverticulum then extends 
ather toward the right side, and although it becomes the 
ifger, it does not grow as far forward as the anterior diver- 
iculum. During the third and fourth days both diverticula 
ranch and anastomose, forming a network of liver tissue 
Fig. 123, B) around the large vein (ductus venosus). The 
ver soon enlarges enormously and early becomes very vas- 
ular, through the development of vessels connecting with 
he ductus venosus, directly among the meshes of the liver 
ubstance. 

The bile duct and gall-bladder arise from the short ventral 
egion of the gut between the two liver diverticula; this re- 
lion grows out carrying with it the openings of the diverticula, 
irhich thus come to open into a common chamber, the ductus 
holedochus or common bile duct. The gall-bladder develops 
(1 connection with the duct of the posterior liver diverticulum, 
lie common bile duct is a transitory structiu'e, and when it 
lisappears the two liver (bile) ducts again open separately into 
he gut. 

About the same time and m the same general region as the 
tver, the pancreas develops, from three separate diverticula. A 
lorsal median diverticulum grows out, directly opposite the pos- 
erior liver diverticulum, about the end of the third day. Right 
nd left ventral pancreatic diverticula appear later, pushing 
lut from the walls of the ductus choledochus close to the gut- 
irall. When the ductus choledochus disappears these paii- 
reatic rudiments open separately into the gut. As these 
liverticula enlarge they branch distally and by a budding proc- 
»s form the glandular units of the organ. The bodies of the 
;hree rudiments finally join, forming a common gland, al- 
though their ducts remain opening separately near the two 
bile ducts. 
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2. Organs of the Hind-gut 

Embryologically the most important appendage of the hind- 
gut is the allantois. In describing the formation of this organ 
we mentioned the essential steps in the establishment of the 
hind-gut itself, and described the formation of the postanal gut 
and the beginning of the cloaca (Figs. 120, 121). On the ventral 
side of the hind-gut, between the outgrowing allantois and the 
base of the tail the ectoderm becomes pitted in toward the 
cloaca forming the proctodamm. The ectodermal epithelium 
of the proctodseum fuses with the endodermal lining of the 
cloaca forming the anal plate. This was originally toward the 
dorsal surface of the embryo, but was pushed into a ventral 
position by the formation and growth of the taU-bud (Fig. 121). 

The cloaca becomes a deep but narrow cavity; it receives. 
antero-dorsally, the opening of the terminal portion of the 
intestine, and the allantoic stalk connects antero-ventrally. 
Laterally, either side of the rectal opening, the urinogenital 
ducts discharge into the cloaca. During the fifth and sixth 
days the postero-ventral portion of the cloaca is temporarily 
closed by the fusion of its walls. The cavity which re-forms 
here is the rudiment of the bursa Fabriciij which acquires an 
opening directly into the proctodaeum just outside the anal 
plate. Thus the embryonic cloaca gives rise chiefly to that 
part of the adult cloaca into which the urinary and genital 
ducts open. The anal plate finally becomes perforated early in 
the third week of incubation. 

3. Tlw Mid-gut 

The embryonic mid-gut gives rise to the intestinal tract ex — 
tending from the hepatic and pancreatic diverticula to the cloaca- ^ 
Its establishment tlirough the approach and fusion of thc^ 
lateral splanchnopleural folds has been described in the pre--^ 
ceding chapter. It remains open by the splanchnic stalk t^ 
the yolk-sac until toward the close of the embryonic period- 
(see above). 
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Altliough really derived from the embryonic fore-gut, we 
may include here certain details in the later development of 
of the oesophagus and stomach, the formation of which was 
mentioned above. The stomach and intestine extend tlirough 
the body cavity, from the dorsal wall of which they are suspended 
by a double mesodermal fold, the dorsal mesentery and rneso- 
timtrium, which represents the original dorsal fusion of the lateral 
splanchnopleural folds involved in tlie establisliment of the 
intestinal groove and tube. The similarly formed ventral 




Fio. 132.— Partially dinBecttd vispora of Ihp rlurk. Irnm Ihi- rifiht Hide. 
After Duval. A. Of a ui-day rhiok, enlarxed slightly less (ban aii times. 
-&, Of B thirteen day chick, cnlaritpd two aod one-half tioieti. showing the elon- 
««l«d intestine and iU extension into the umbUiral Btalk. a. Right auricle; al, 
Mlantoii: at. abdominal air sac: b, bulbuB arteriosun: c. ciecal proccuoH; d, loop 
or duodenum; dj, duodenal- jejunal Beiure (a relatively fixed point during the 
«loa«ation of the intestine) : /. fore-timb bud (cut throufih); g. Rjisard: tto. gonad; 
A. hind-linib bud (cut throuith); i, loops of small inlratine; I, livpr; lg,\uDg:ll, 
'«tt lobe oT liver; (v, left ventricle; M, rudiment of MQItcrian duct (tubal ridge); 
J», panereas: r, rectum; tI. right lobe of liver; rr. right ventricle; », yolk stalk; 
*<, umbilical stalk; W, Wolffian body or mesoncpbros. t 

fnesentery disappears immediately after its formation, save in 
tlie region of the stomadi and liver, wliore it forms the gaslro- 
hepalic ligament. 

Tlie cesophagufl elongates with tlie neck, and during the 
Seventh to eleventh days is closed just back of the glottis by 
cells proliferated from its wall. The crop appears as a posterior 
<jila,tion of the cesophagus just in front of the stomach. During 
the fifth to seventli days the enlarging stomach becomes differ- 
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entiated into the anterior proventriculuSy with thick glandiilar 
walls, and the posterior gizzard, with its thick muscular coats. 
The homy lining of the gizzard is derived from the secretion of 
specific glands in its own wall. 

Beginning the third or fourth day of incubation the mid-gut, 
including the stomach, commences to elongate, and as a result 
the tract becomes first simply looped, and then complexly 
folded (Fig. 132). First the stomach bends to the right, return- 
ing to the median region near its opening into the intestine. 
The first section of tlie intestine is the duodenum; this is a very 
short section, receiving the ducts of the liver and pancreas. 
The duodenum elongates very little and remains as a relatively 
fixed region, closely attached to the dorsal body wall. Simi- 
larly the terminal portion of the intestine, the rectum and large 
intestine^ elongates only slightly. Between the duodenum 
and the large intestine the jejunum or vitelline portion of the 
small intestine elongates considerably, and is consequently 
thrown first into an S-shape. The yolk-sac connects with the 
apex of the lower loop (Fig. 132). Later this whole section 
shows secondary loops or twistings along each primary loop. 
At the connection of the small and large intestines the two 
intestinal cwca grow out during the second week. 

I\\ THE VASCULAR SYSTEM 

The formation of the vascular system and its development up 
to the thirtieth liour, we have already described; and we have 
also mentioned the important steps in the development of the -= 
extra-embryonic circulation (yolk-sac and allantois). We-^ 
must now trace tlie important steps in the development of the^ 

true embryonic circulation, from the stage where we left it 

lA)t us recall that we left the heart as a bent tube, suspended 
the fx^ricardial cavity; anteriorly it leads, by way of the firs' 
or mandibular pair of aortic arches, into the dorsal aorta, th« 
chief l)ranches of which (vitelline arteries) supply the exti 
embryonic organs. The embryonic venous system at th 
time consisted only of the roots of the vitelline veins, retumirm^ 
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the blood from the yolk-sac and opening directly into the pos- 
terior end of the heart. The main vessels of the yolk-sac and 
allantois are described in the preceding chapter, and we shall 
need to add little to those accounts of the extra-embryonic 
circulation. 

1. The Heart 

The sharp bending of the heart to the right divides it 
roughly into anterior and posterior limbs (Fig. 133, A), and as 
it continues to elongate an additional loop appears, directed 
posteriorly from near the apex of the original loop. The entire 
structure then swings underneath the pharynx and the loops 
become less widely spread out (Fig. 133, B). The extent of the 
heart is increased posteriorly by the addition of a region formed 
by the fusion of the roots of the paired lateral vitelline or 
omphalomesenteric veins; the chamber thus formed is the sinus 
^enosus. 

During the third day certain constrictions appear, dividing 
*te tube into its primary chambers, and each of these shows 
^laracteristic modifications in form, so that by the end of the 
*iurd day the following regions are distinctly marked. The 
^^nus venosus, formed by the confluence of the omphalomes- 
enteric veins, is a wide triangular cavity with thin walls; it 
-^^^eives also the embryonic veins, the ductus venosus and the 
t>aired ductiis Cuvieri (see below). Its aj)ex is anterior, 
'^here it opens .into the atrium or auricle by the sinti-axiricular 
^^perture; this opens into the postero-dorsal region of the auricle. 
T^e auricle is formed from the originally posterior loop of the 
*^cart tube, now dorsal in position. The auricle already shows 
^igns of its future division in that it is laterally expanded; the 
^inus venosus is more directly connected with its right side and 
*^8 left side extends forward nearly to the limit of the peri- 
cardial cavity. The wall of the auricle remams thin like tliat 
^' the sinus venosus; its cavity opens downward into the 
dorsal region of the ventricle. 

The ventricle is formed essentially from the secondary pos- 
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terior loop of the heart tube, and is now separated from the 
auricle by the narrowed auricvlo-venlricular aperture (Fig. 133). 
The ventricle occupies t)ie ventral region of the pericardial 




FiQ. 133.— The df-VFlopraeiit in the heart of the chick. A, F. alia Hofh- 
aletler; B-E, after Greil. A~E, ventral view* of the liewl; A. of a fortr-hmir 
embryo; B. of a 2.1 mm. embryo; C, of a 3.0 mm. embryo; D, of a 5.0 m* 
embryo; E. of a 6.5 mm. embryo. F. Frontal sectiOD through the heart af*l 
mm. embryo, a. Auricle; b, bulbua: d, roots of dorsal aorta; t, median endntlufiil 
cushioD: i. interveDtricular groove; la, left auriele; It, lateral endothdial ouiUcid; 
h, left ventrit^le; om. vitellino artery; p, left pulmonary artery; ro, ri^t Mri*! 
n, right veatrirte: >. interventricular septum, sa. interaurioulv ■spwni i 
rooti of aorlic arches; r, ventricle. 

cavity beneath the auricle. The walls are already thickeW 
and apongy. Anteriorly a slight constriction separates tha 
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ventricle from the bulbus arteriosus, the most anterior chamber 
of the heart, formed from the anterior loop of the original heart 
tube and now passing obliquely upward to the antero-dorsal 
wall of the pericardial cavity, where it connects with the truncus 
arteriosus in the floor of the pharynx. The wall of the bulbus is 
also much thickened at this time. 

Long before the end of the third day the heart is beating regu- 
larly and rapidly. Its first irregular twitching begins toward 
the middle of the second day and before the end of this day its 
contraction becomes quite regular. 

The later development of the heart may be sketched only 
J'oughly. There are further changes in the position of the heart, 
as the net result of which the ventricle assumes a posterior, and 
the auricles an antero-dorsal, location; the auricles also grow 
ventrally around the bulbus, which finally occupies a median 
ventral position. 

The bulbus arteriosus finally loses its identity as a separate 
-chamber. Three semilunar valves develop, about in its middle, 
^nd its anterior section then becomes transformed into the proxi- 
mal parts of the truncus arteriosus (finally the root of the dorsal 
^orta) and the pulmonary artery, while its posterior section is 
absorbed into the ventricles. Similarly the sinus venosus be- 
comes incorporated into the right auricle, and the sinu-auric- 
vilar valves, which had developed from the wall of the sinu- 
•Huricular aperture, entirely disappear. Thus of the original 
four chambers of the heart only two remain separate. The 
cavities of these two chambers, the auricle and ventricle, then 
become secondarily divided longitudinally, so that the heart 
inay again be described as four-parted, though in a very 
-different sense. 

From the postero-dorsal wall of the auricle, between the open- 
ings of the sinus venosus and the pulmonary vein (see below) a 
thm partition grows downward and forward, during the fourth 
day, and soon reaches a thickened cushion of cells lying on the 
"Upper and lower sides of the auriculo- ventricular aperture, thus 
<^ompletely dividing the primary auricular cavity into right and 
^eft cavities (Fig. 133, F). This inierauricular septum early 
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becomes fenestrated and is not completely re-formed until after 
hatching. At the same time the ventricle is becoming divided 
into right and left portions by an interventricrdar septum. 
This commences as an extension of the spongy wall of the ven- 
tricle near its posterior apex; it becomes a thick partition, 
rapidly extends anteriorly, meeting and fusing with the cushion 
of the auriculo-ventricular aperture, with which the interauricu- 
lar septum has already connected. Finally the division of 
the ventricle is completed save for a small antero-ventral aper- 
ture, the interventricular foramen, by which the root of the 
dorsal aorta later connects with the left ventricle. 

The bulbus arteriosus too becomes divided before its fusion 
with the ventricle, by a partition extending from the anterior 
margin of the pulmonary aortic arch (see below) back to the 
ventricles. The effect of this is to connect the pulmonar}'"%^-^ 
aortic arches with the right ventricle and the systemic aorticrfc^.- 



arch with the left ventricle. WTien this bulbus region is a 
sorbed, as described above, the pulmonary arteries and th 
dorsal aorta arise directly from the right and left ventriclet^ 
respectively, and the separate blood streams are established. 

2. Tlve Aortic Arches and the Arterial System 

At the thirtieth hour the heart is connected with the Aortal 
aorta by a single pair of aortic arches running through the hrst 
or mandibular visceral arch. Later an aortic arch forms in eacii 
visceral arch, connecting the truncus arteriosus or ventra/ 
aorta with tlie lateral dorsal aortae. The second or hyoid 
aortic arch forms during the latter part of the second day and at 
the end of that day the third aortic arch is completed. The 
fourth is formed by the end of the third day and during the 
fourth and fifth days fifth and sixth aortic arches are formed in 
the tissues posterior to the last (fourth) visceral pouch (Fig. IH 
-4). Of these arches the fourth and sixth are the best developed, 
while the fifth is present only as a transitory and incompletely 
developed vestige. 

This embryonic aortic arch system is converted into the adult 
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condition chiefly by a series of degenerations. During the 
third and fourth days the first (mandibular) and second (hyoid) 
arches disappear, leaving only their continuous ventral roots 
as the root of the external carotid artery. The lateral dorsal 
aorts have meanwhile continued forward, as the inlemal ca- 
rotid arteries, supplying the brain and other organs of the head. 
These parts of the lateral dorsal aortie become separated, dur- 
ing the sixth and seventh days from the remainder of the lateral 
dorsal aortse by an interruption in these vessels just back of the 
<lorsal attachment of the third aortic arcli; thus the internal 
«arotid arteries arise only from the third aortic arch, which is 
consequently known as the carotid arch (Fig. 134, B). The 




Flo, 134. — Aortic arches of the chick. From I.illic (Development of the 
Click), A. after Locy. A. Of the left Hide of a chick of four and one-half days; 
from on iniection. B. Rcconotrurlion from Hasittal sections of an eight-day 
•mbryo. Ao. A. Arch of theaoria (gyatemic arch); X.o.m., vitelline artery; Cor., 
«irotid arteo'; Car. ezl., external carotid arlery; Car. int., internal carotid artery; 
i>.a.. ductus arterioBua; d.Ao,. dorsal aorta; p.A., pulmonary artery; S'd,, auh- 
Tlavian artery; 3-6. third to sixth aortic arches (first to fourth branchial aortio 



ventral roots of the first and second arches (external carotids) 
remain as branches from the bases of the carotid arch (roots of 
the third arches), supplying the mandibular region. 

The fourth, or systemic arch, is at first symmetrically dcvcl- 
eped like the others, but during the fifth and sixth days it 
becomes reduced on the left side and corresijondingly enlarged 
on the right. Finally the left sj-stemic arch wholly disappears, 
snd the anterior part of the left division of the truncns remains 
Wily as the stem of the left carotid artery. Meanwhile, it will 
« recalled, the right side of the truncus has connected with the 
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left vfutricle alone, so that the blood from this side of the lieart 
is now carried by the third arches to tlie rarotids, and by the 
right systemic or fourth arch to the general dorsal aorta. 

The fifth aortic arches having aheady disappeared, only the 
sixth is left connecting now with the right ventricle. Tlie 
sixth arches ultimately form the roots of the pulmonary art<^ries, 
but throughout embryonic 
life they remain, on each 
side connected with tiie 
roots of the definitive dor- 
sal aorta. The true pul- 
nifinary arteries are small _ 
\'essel8 jiassing backward _^ 
from the upper ends of th(<— ^^ 
sixth or pulmonary archei^''^^^^ 
(Fig. 134). Thai part o- .^-,f 
each arch between tli* .^^ 
origin of the pulmonary -.. 
artery and the dorsal aort.^^^ 
is known as the ductt-^^^ 
Botalli, and shortly aft^e^ 
hatching the two ductO» 
Botalli become closed as 
strands of connective tissue, 
tiuning the whole of the 
blood stream of thew" 
J arches, coming from the 
I right side of the heart, into 
[ the pulmonary arteriei. 
primary and Thereupon the dorsal re- 




Flo. 133.— The lienri and norlic i 
of s rbiek ombryi) Ibe lailer part 
■Uth day. From a disaertioD. 
LiUie (Devdopment of the Chick) 
Sftbin. Au. AuriclM; Tar. com., ro 
carotid artery: S'd.d.. S.cl. 
aecobdaiy subel avian arterii 
(carotid), fourth (^alemi 
(pulmoiuuy) aortic arrhn. 



mainder of the left lateral 
dorsal aorta disappears and 

leaves the dorsal aorta connected with the heart only by the 

right systemic arch (Fig, 135). 

Certain branches of the aortic arches and dorsal aorta deserve 

a special word. The dorsal aorta gives off segmental braiic'ips 

Ijctwecn the somlles, known as tlie segmental arleries (Fig. l"*-*! 
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B). Some of these become enlarged as the roots of the arteries 
supplying the Hmbs, the subclavian and sciatic arteries. A 
branch from the carotid artery grows out and connects with 
the subclavian, finally forming its true root, its original root 
from the aorta disappearing about the ninth day. The sciatic 
artery gives off branches, the umbilical arteries, supplying the 
allantois; the right umbilical artery is the smaller and finally 
disappears. 

During embryonic life the chief branches of the dorsal aorta, 
and really those first formed, are the pair of large omphalo- 
mesenteric or vitelline arteries, distributed to the yolk-sac by 
vray of the splanchnic stalk. The proximal parts of these be- 
come fused as a single vessel from the base of which is derived 
"the anterior mesenteric artery. The posterior mesenteric and 
^4Bliac arteries are derived directly from the dorsal aorta. The 
ciorsal aorta also gives off a series of small twigs supplying the 
Excretory organs, certain of which enlarge forming the renal 
^^nd genital arteries (Fig. 138). 

3. The Venous System 

We have thus far described only the veins of the extra- 
embryonic circulation, for at the thirtieth hour the embryonic 
^eins are not developed. It will not be necessary to add any- 
thing regarding the strictly extra-embryonic portions of these 
Aressels, but their intra-embryonic terminations take an im- 
portant part in the formation of the definitive embryonic 
circulation. 

The first embryonic veins to appear, about the middle and 
latter part of the second day, are the anterior cardinal veins. 
Coming from the brain they extend along its ventro-lateral 
walls, beneath the auditory sacs, receiving as they pass, branches 
fiom the general head region, including the three anterior 
somites. Just back of the head they also receive later, branches 
from the floor of the pharynx (external jugular veins); the 
anterior cardinals themselves become known as the internal 
J^^gvlar veins. The proximal parts of the anterior cardinal 
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veins are considerably enlarged as the diuUHs Cuvierif which 
turn inward and downward and pass into the sinus venosus 

(Fig. 137). 

From the upper end of each ductus Cuvieri an outgrowth 
extends posteriorly as the rudiment of the posterior cardinal 
vein, which passes along the Wolffian duct (see below), finally 
reaching nearly to the base of the tail. The posterior cardinal 
veins receive the intersomitic or intersegmental veins, except 
the first three, and the vessels of the nephros (mesonephros, see 
below). The veins of the fore-limbs also discharge into the 
posterior cardinals near the ductus Cuvieri. The anterior 
and posterior cardinal veins are consequently the chief somaticz 
veins of the early embryo, and it should be noted that all ofi 
the somatic veins connect with the heart by way of the ductile 
Cuvieri. 

The splanchnic veins of the digestiv, tract and its appendagcn 
are primarily related with the intra-embryonic portions of tl — 
great veins of the yolk-sac, the omphalomesenteric veins. \^ 
have already seen how the proximal ends of these veins uni. "I 
to form the sinus venosus; they continue to fuse posterior to tfo 
sinus venosus, and form thus the ductus venosus, around whioi, 
as we have seen, the liver develops. The ductus venosus and 
the ductds Cuvieri are the only vessels emptying directly into 
the heart, until the time when the pulmonary veins appear. 
The omphalomesenteric veins, entering the embryo, pass across 
the body cavity to the mid-line, beneath the gut and between 
the two liver diverticula. 

It should be noted here that between each omphalomesenteric 
vein and the dorsal body wall an extensive fusion occurs, form- 
ing an incomplete oblique partition through that part of the 
body cavity immediately posterior to the heart. These fusions 
are known as the lateral mesocardia, and they are of considerable 
importance in the later history of the cavities of the body (Fig- 
139). The ductus Cuvieri pass from the dorsal body wall io 
the sinus venosus through the anterior parts of the lateral 
mesocardia. 

Posterior to the ductus venosus the two omphalomesentenc 
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or lateral vitelline veins anastomose, at about the age of three 
days, on the dorsal side of the intestine, posterior to the pan- 
creatic rudiment (Fig. 136). Thereupon the base of the left 




Fio. 136. — DiacramB illustrating the formation of the omphalomeBenterio 
Ud lUDbilicai veios, in the chirk. After Hochstcttpr. A. At about fifty-eight 
hrara. B. At about sixty-five hours. Veins joined dorsal to the gut, C. 
Atabout aeventy-Gve houra. Veina again Beparate. D, At about eighty hours, 
fitcondary union of veins around the gut, E. At about one hundred hours. 
0>6aitive arrangement of the vessels, c. Vena cava posterior (inferior); dC, 
<h)ctus Cuvieri; dt, ductua venoaus; o, gut; hi, left hepatic vein; hr. right hepatic 
•dn; I, liver; o, omphalo-mesenteric vein; p, anterior inteslinal portal; pa, nidi- 
Utat of pancreaa; u^. left umbilical vein; ur. right umliiliral vein; i, vitelline 
*(in; /, //, primary and aecondury venous rings around the gut. 



Van rapidly disappears, so that during the fourth day all of 
the blood from the yolk-sac is returned to the heart by the right 
vdn, for it will be recalled that the original or anterior vitelline 
^^^ns have previously fused and connected with the right 
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omphalomesenteric vein; and now a large vein coming directly 
from the posterior part of the yolk-sac similarly opens into the 
same trunk. 

By the end of the fourth day the two omphalomesenteric 
veins again anastomose still farther back, and now the inter- 
mediate portion of the right vein disappears. The embryonic 
course of the omphalomesenteric veins may therefore be de- 
scribed as follows (Fig. 136) ; they enter the body symmetrically, 
passing directly to the ventral side of the intestine just in front 
of the anterior intestinal portal; here they fuse into a single 
vessel which passes anteriorly around the left side of the intes- 
tine to its dorsal surface and thence across to the right side, 
where it enters the liver. 

This portion of the omphalomesenteric vein becomes th 
trunk of the hepatic portal vein in the following manner. A^ 
the vein passes through the liver to the ductus venosus, whiehai 
is now embedded in it, it branches abundantly supplying th^ _ 
vascular spaces of the liver tissue, and soon the strands of liv 
cells push into the large vessel so that it becomes entirel 
broken up into small vessels and capillaries in the liver. T 
ductus venosus then remains as the efferent vessel, or hepat 
vein, while the base of the omphalomesenteric vein itself 
comes the afferent hepatic vessel, the Iiepatic portal vein. Tim is 
arrangement is practically completed during the sixth da >'. 
Before this time the veins of the digestive tract appear; th^5>e 
collect into the mesenteric vein, which becomes the chief branoA 
of the hepatic portal. A typical subintestinal vein is indicatec/ 
th(^ fourth day, coming from the tail and connecting with the 
left omphalomesenteric vein; it soon disappears without taking 
an essential part in the formation of any permanent venous 
structure. 

\>ins of considerable phyletic importance are the uvihilkd 
veins, which represent the lateral veins of the Elasmobranchs 
and the abdominal vein of the Amphibia. These appear early 
in the body wall, primarily as the veins of the limb-buds, open- 
ing into the ductfts Cuvieri (Fig. L37). During the fourth day 
they connect with the veins of the allantois, and shortly there- 
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alter the right vein disappears, while proximally the connection 
of the left vein with the ductus Cuvieri is lost, and this vessel 
acquires a new connection with the intra-hepatic vessels and 
ductus venosus. Through this pathway the veins of the 
allantois then connect with the embryonic circulation. 

The largest venous trunk of the fowl is the inferior vena cava 
or postcaval vein. As in other forms, this vein is in part an 




Flo. 137. — lojected chick embryo of the third day, showing the arrangement 
*>' the cardinal veins and the formation of the umbilical vein from capillary 
"tworlcB. From Evans. A.C.V,, Anterior cardinal veia; P.C.V., posterior 
CMdiail vein; U.V.. umbilical vein. 



independent formation, and in part formed from the posterior 
cardinal system. The first part of the vena cava appears 
during the fourth day as a posterior outgrowth of the ductus 
*«i08us, which connects with a series of venous spaces in the 
dorsil wall of the liver, on the right side (Fig. 13()). Soon this 
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vein cotmects with the right posterior cardinal vein. The 
posterior cardinal veins pass along the dorsal side of the kid- 
neys (mesonephroi, see below) receiving their vessels. But 
diiruig the fourth day a system of venous spaces appears on the 
ventral side of the kidney; these vessels are known as the sub- 
cardinal veins (Fip. 138). During the si,xth day the inferior 







Fio. 138. — Diasrammatic Uleral view of (he chisf embryonic blood-vgaKb 
ot the chick, during the sixth day. After Lillie. a. Auricle; al, ajloiitoic Milk; 
ao. dorsal aorta; e. cccliac artery; at, caudal artery; cl. cloaca; ct. caudil niii; 
da. ductus arteriosus; dv, ductus venosus; ec, external carotid artery; (j, aioiii 
jugular vein: t. intestine; ic, internal carotid art«ry; ij, iateraal jugular vm; 
i, liver; m, mcBonephroB; ma. mesenteric artery; m», mesenteric vein; p, pulnioiiKT 
artery; pe, poslerior cardinal vein; pt, pulmonary vein; s, sciatic artery; "t, 
subclavian artery; »ct. subclavian vdn; it. yolk-stalk; m, subcardinsl tbh; 
u/, left umhilical artery; ur, rinht umbilical artery; iiB, left umbilical vein;', 
ventricle; ra, vitelline artery: vca. anterior vena cava (anterior cardinal vfia}; 
rp. iin<<(i'riiir vcnn cava: tr. vitelline vein: V> yolk-sac; 3, 4. 6. third, fourth, mi 
sixth aortic arches. 

Venn cava connects with the right subcardinal vein, the Ibo 
subcardinal veins anastomose posterior to this connection, and 
the anterior jiarts of both posterior cardinal veins disappear. 
The net result of these changes is that the hinder parts of the 
posterior cardinals form the afferent renal trunks or renal porld 
ivins, the subcardinals form the efferent renal vessels leading inlo 
the inferior vona cava, through which a!! of the blood from the 
embryonic kidneys (mesonephroi) is returned directly to IM 
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heart. This arrangement continues until this embryonic 
kidney is replaced by the definitive kidney of the adult (meta- 
nephros), when the posterior cardinal veins, then the renal 
veins, connect directly with the subcardinal veins and the vena 
cava, and the renal portal system disappears. The subclavian 
veins which originally opened into the proximal parts of the 
posterior cardinals, acquire openings into the ductCis Cuvieri 
near the vertebral and external jugular veins. 

4. The Lymphatic System and Spleen 

The development of the lymphatic system is imperfectly 
known in the chick. A pair of anterior or cervical lymph hearts 
appears during the fifth day, and from these lymphatic net- 
Works grow out extending posteriorly, parallel with the lateral 
Veins of the body; by the eighth day these nets are developed 
into definite lymphatic vessels. A pair of posterior or caudal 
lymph hearts appears early the seventh day as a series of lat- 
eral outgrowths from the first five coccygeal veins (tributaries 
of the posterior cardinal veins). These branches anastomose 
vdth one another, forming an irregular sac or lymph heart, on 
^ch side, which remains connected with the second, third, and 
fourth coccygeal veins. The walls of the hearts become muscu- 
lar and rhythmically contractile during the eighth and ninth 
days. 

During the ninth day the posterior lymph hearts connect 

^th a system of lymphatic spaces around the posterior section 

of the dorsal aorta, and this space connects in turn with the 

thoracic ducts. These lymphatic trunks are visible on the eighth 

day, when they are described as two solid strands of meson- 

L chyme, extending from the thyroid body to the roots of the 

cceliac artery. They become hollowed out and connect with 

the ductus Botalli, the dorsal aorta and the ductus Cuvieri. 

These canals then approach and fuse, and about the twelfth 

day connect with the posterior lymph hearts by way of the 

lymphatic vessel around the posterior dorsal aorta. (It is 

m entirely probable that the connections between the thoracic 
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ducts and the blood-vessels represent the primarily formative "J 
outgrowths of the ducts from the vascular endothelium, from ] 
which the cords have extended and fused secondarily, but i 
direct observations to this effect are wanting.) ^ 

The anterior lymphatic hearts apparently disappear early. 
The posterior lymph hearts attain their maximum development 
during the fourteenth and fifteenth days, when they begin to 
retrogress and disappear entirely ten to fourteen days after 
hatching. 

The spleen arises, during the fourth day, from a proliferation 
of peritoneal cells in the base of the mesentery just above th< 
pancreatic region. It enlarges rapidly through continued ceP' _\ 
proliferation and the accumulation of a mesenchymatour _^g 
stroma. Its spaces, without definite endothelial walls, ar — ^^^^ 
directly continuous with the sinusoidal origins of its effierer-:::::^,^ 
vein, and from these spaces splenic cells enter the blood strea^r^ ^j 
and become converted into blood corpuscles. 

\. THE CAVITIES OF THE BODY 

The folding-off of the embryo from the yolk completes "tie 
roughing-in of the body cavity. From the very beginning tie 
general embryonic body cavity shows signs of the differentiation 
of the region surrounding the heart as the pericardial cavity. 
We have already traced the origin of this part of the coelom, in 
describing the origin and formation of the heart. We have 
also seen how the body cavity proper is formed and closed, and 
how it is partially divided longitudinally by the dorsal mesen- 
tery. It remains now for us to consider the essential steps 
in the complete separation of the pericardial cavity and the 
further subdivision of the primary body cavity. 

Throughout the early stages of development the pericardial 
cavity is only incompletely closed off from the body cavity, 
since it is only partly closed posteriorly by the mesoderm w 
the wall of the anterior intestinal portal, and the vessels which 
are entering the heart from the yolk-sac. The formation oi I^^v^^j 
the lateral mei^ocardia (see above) extends the separation of th<? 
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two cavities, but they still remain connected above and below 
this partition. The pericardial cavity soon becomes restricted 
to the median region of the body and the general body cavity 
then pushes forward along the sides of the pericardial cavity. 
These antero-latcral extensions of the body cavity are the rudi- 
ments of the pleural cavity; they soon extend inward toward 
the median line, dorsally 
to the pericardial cavity 
irith which, however, they 
still connect above the 
lateral mesocardia. The 
pericardial cavity still 
connects with the general 
body cavity beneath the 
lateral mesocardia (Fig. 
139). 

The complete closure of 
the pericardial cavity is 
begun during the fourth 
day, by the formation of 
the septum traTisversum. 
This partition is estab- 
lished by the formation of 
tissue connecting the fw. 139.—: 
Uteral mesocardia dorsally H-iih''^hirty e 
and ventrally, or ventro- 
iatwally, with the body doraai a 
wall. \\'hile the septum 
transversum soon becomes '"■■ , laicrai 
complete between peri- groove'; ».'Bt 
cardial and body cavities, '''''"™' "'"^ ' 
it remains for a time incomplete between pleural and body 
cavities. As the lungs begin to expand tliey push out into 
the pleural cavities, the walls of which supply the greater 
part of their mesodermal tissue. Fuiully the lungs extend 
posteriorly as well as laterally and as they reach the region of 
the septum transversum this gradually becomes completed 
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(about the tenth day) as the pleuro-perUonecd membrane, 
closmg off the pleural cavity from the body cavity proper or i 
peritoneal cavity. 



VI. THE LATER HISTORY OF THE MESODERMAL 

SOMITES 

In the chick of thirty hours we saw how the embryonic 
mesoderm is divided into three general regions, (a) the axial 
somites, (b) the intermediate cell mass or nephrotome, (c) the 
distal lateral plate, continuous with the extra-embryonic meso- 
derm (Fig. 102). We have ah-eady described the chief struc- 
tures derived from the lateral plate — the vascular system and 
the coelom and its derivatives, and it remains now to describei^^^ 
the structures derived from the somites and intermediate celW^^i 
mass. 

The following table, quoted from Lillie (Development of th« 
Chick, pp. 184-185) gives a resume of the general disposition crrr^/ 
the somites. 

"In an embryo of 42 somites (about ninety-six hours), the value Qf 

the somites as determined by their relations and subsequent history ^ 
as follows: 

1 to 4. Cephalic; entering into the composition of the occipital -^-^ 
gion of the skull. 

5 to 16. Prebrachial; i.e., entering into the region between the wm^ 
and the skull. 

17 to 19. Brachial. 

20 to 25. Between wing and leg. 

26 to 32. Leg somites. 

33 to 35. Region of cloaca. 

36 to 42. Caudal. 

" More somites are formed later, the maximum number recorded being 
52 (sec Keihel and Abraham, Normaltafeln). In an eight-day chick 
the number of somites is again about 42, including the four fused with 
the skull. Thus the ten somites formed last are again lost." 

The somites, excepting those at each end of the series, have 
essentially a similar history, differing only in later details of 
development (Fig. 119). Each gives rise to three structures: 
(a) the muscle plate or myototney (6) the cutis plate or dermato^i 
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(c) the sclerotome. The somites form as soUd segmental cell 
masses; their superficial cells are arranged as a rather dense 
wall, epithelial in character, which encloses a loosely arranged 
central mass of mesenchymal nature. The densely arranged 
cells soon become limited to the dorsal and dorso-lateral 
regions of the somites. The dorsal portion, in particular the 
region toward the nerve cord, forms the rudiment of the 
myotome or muscle plate, while the dorso-lateral region gives 
rise to the cutis plate. In the more loosely arranged core, the 
foraiation of intercellular substance begins very early, pro- 
ducing a truly mesenchymatous structure. This part of the 
somite then extends over toward the notochord and nerve 
cord, as the rudiment of the sclerotome. 

The myotome becomes thin and turns under the thicker 
cutis plate, finally extending downward and outward entirely 
beneath it, occup)dng a position between the spinal ganglion 
and the cutis plate. The cells of the myotome elongate antero- 
posteriorly, through the whole extent of the segment, and each 
becomes converted into a striated muscle fiber. Later the 
xuyotomes enlarge, as their component cells multiply and grow, 
and each extends down into the body wall. Opposite the limb- 
buds, outgrowths of the myotomes extend into these, forming 
their musculature. The entire voluntary musculature of the 
chick develops from the myotomes; the involuntary muscula- 
ture is mesenchymal in origin, chiefly splanchnic. The cutis 
plate extends laterally, as the embryo grows, and after thinning 
considerably, breaks up into a mesenchyme which spreads 
Underneath the ectoderm, forming the foundation of the thin 
dermis layer of the integument. 

The sclerotomal cells, multiplying and continuing the for- 
mation of intercellular substance, extend dorsally, between 
the nerve cord and the myotome, and ventrally, around the 
notochord and dorsal aorta, and finally fill all the spaces around 
these axial structures. Later the sclerotomes acquire a secon- 
dary segmentation, in that each becomes transversely divided 
opposite the middle of the somite; the posterior half of one 
sclorotone then unites with the anterior half of the succeeding, 



354 OUTLINES OF CHORD ATE DEVELOPMENT 

forming a sclerotomal segment. The sclerotome fonns the 
axial skeleton of the embryo (except the major portion of the 
skull) and the segments are the rudiments of the vertehra, 
which thus alternate with the muscle segments, the arrange- 
ment of which marks the primary segmentation of the embryo. 
All details of the formation of the skeletal system lie without 
the scope of the present chapter, and we shall merely call 
attention to the fact that the skeleton arises in part from the 
sclerotomes and in part from the general mesenchyme. The 
vertebral column is the part derived from the sclerotomes. 
These cells condense and the cartilaginous rudiments of the 
vertebrae begin to appear during the fifth day aroimd the noto— 
chord (centra) and nerve cord (neural arches). The sclero — 
tomes of the head somites form the occipital region of the skulk. ; 
the remainder of the skull is formed from the mesenchyn^^ ^ 

around the brain and sense capsules. Cartilage begins ti o 

form in the skull during the sixth day. The visceral skeletcr^n 
forms from the mesenchyme of the visceral arches, cartila^^ 
appearing here during the sixth day also. The skeleton of t^^e 
pectoral and pelvic arches and limbs is formed from the mes^^^zh 
chyme of these regions, cartilage appearing during the si>c:tii 
and seventh days. The clavicles, like the derm bones of 'Xhe 
skull and anterior visceral arches, ossify directly from n:ic^ 
enchyme, without being preformed in cartilage. (For simp/e 
accounts of the development of the skeleton the student is 
referred to Marshall, "Vertebrate Embryology,'' and Liliie, 
''Development of the Chick,'' where full references to the lit- 
erature will be found.) 

VIL THE URINOGENITAL SYSTEM 

In the chick, as in other vertebrates, the excretory and repro- 
ductive sytems arise separately and come into relation only 
secondarily. We may therefore begin with an account of the 
origin of the excretory system, and tlirough this lead io the 
development of the reproductive system, and to an account of 
their association. 
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1. The Excretory System 

The intermediate cell masses, or nephrotomes, form the 
rudiments of the excretory system which, as in all Amniota, is 
complicated by the succession of three nephric systems, pro- 
nephroSy mesonephroSy and metanephros, of which the first two 
are purely embryonic, only the last giving rise to the excretory 
system of the adult. The nephroi develop only through the 
neck and trunk regions, for in the head and tail no lateral plate, 
nephrotome, and somite are differentiated in the mesodermal 
segment. 

a. the pronephros and the pronephric duct 

(wolffian duct) 

The pronephros is wholly of vestigial character in the chick, 
functionless even in the embryo. The pronephric duct, how- 
ever, is retained as the duct of the embryonic kidney, and is 
hence known as the mesonephric or Wolffian duct. On 
account of its vestigial character the pronephros develops 
Variably, even in different regions in a single individual. It is 
limited to the fifth to fifteenth or sixteenth somites, but 
becomes typically developed only in the tenth to fifteenth. 

In the latter region a small bud of cells grows upward from 
the middle of the postero-dorsal surface of each nephrotome. 
These buds, appearing about the middle of the second day,* are 
the rudiments of the pronephric tubvlesy so-called although they 
remain solid here. The buds or tubules elongate gradually, and 
their terminal portions bend over posteriorly, each uniting with 
the next posterior tubule, forming thus a continuous longitudi- 
nal strand, which is the rudiment of the pronephric or Wolffian 
duct. Toward the close of the second day the duct becomes 
hollow anteriorly. It pushes backward rapidly, above the 
nephrotomes, growing independently, until about the sixtieth 
hour it reaches the cloaca, with which it fuses; its lumen is 
completed throughout at the end of the third day. In front 
of the tenth somite no duct is formed and the tubules are re- 
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duced to small transitory buds entirely disappearing during the 
latter part of the second day. 

Soon after the tubule appears in each segment, the nephro- 
tome is separated from the somite by the conversion of its 
proximal part into mesenchyme, and the distal part then 
appears added to the tubule. The only cavity of the pro- 
nephric tubule is one sometimes appearing in this added por- 
tion of the nephrotome, and is to be regarded as a continuation 
of the coelom of the lateral plate into the nephrotome region; 
when present its opening to the coelom would therefore repre- 
sent a nephrostome. No Malpighian bodies are developed in 
connection with these tubules, and the whole pronephros 
disappears by the end of the third day. 

B. THE MESONEPHROS 

The mesonephros is the functional embryonic kidney; it 
duct is the original pronephric or Wolffian duct. The mes 
nephros begins to develop toward the end of the second day 
the region immediately posterior to the pronephros. Mes 
nephric tubules finally develop in all segments from the th 
teenth or fourteenth to the thirtieth; the most anterior tubuLe^ 
arc thus present in segments developing pronephric tubules alsc. 
In front of the twentieth segment, however, the mesonephr-os 
remains rather vestigial and develops typically only from the 
twentieth to the thirtieth segments. 

In this latter region the narrow nephrotomal band widens, 
separates entirely from the lateral plate and the somites, and 
the original arrangement of its cells in dorsal and ventral layers 
is lost. We should note that the Wolffian duct passes along, 
between the nephrotomes and the somatic layer of the lateral 
plate, while along the opposite sides of the nephrotomes is the 
dorsal aorta; the posterior cardinal veins soon appear just 
above the Wolffian ducts. On the ventral side of the nephro- 
tome, about opposite the middle of the segment, its cells become 
condensed into a spherical mass, in which a definite space 
appears; this is the rudiment of the primary mesonephric tubule 
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(Fig. 140). This rudiment then extends upward to the Wolffian 
duct with which it communicates. On the side opposite this 
extension another outgrowth appears which forms the Mal- 
pighian body. 




Fio. 140.— The 
UtrouKb Iha meson 
•omites. After Sc 
itacwDephroa ol a 
Chick). Ao., Dor 
<luct;C(rI., c<Blom; 
<luct; Glom., glom 
*.!., DephrogenouH w i 

*'-i. 2, 3, primary, seco ary 
cardinal vein; W.D W ffi 



From the nephrotome, just above the primary tubule, 
Several additional secondary niesonephric tubules are formed, 
flJid finally, other dorsal tertiary tubules are added, so that six 
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or seven tubules are formed in each segment; all these tubules 
develop similarly. No nephrostomes, or coelomic connections, 
are formed save in the four or five most anterior tubules, which 
are themselves transitory structures. The formation of the 
mesonephric tubules is completed during the fourth and fifth 
days, when they begin to elongate rapidly. During the next 
three or four days they become convoluted and form altogether 
a large mass, sometimes known as the Wolffian body, project- 
ing from the dorsal body wall. The tubules of each segment 
open into a common dilation of the Wolffian duct, distin- 
guished as the collecting tubule. 

The mesonephros becomes very vascular through the forma- 
tion of abundant smuses from the accompanying posterior 
cardinal veins, which are its afferent vessels. The walls of 
these sinuses are in direct contact with the tubules. The bloo 
collects along the ventral side of the mesonephros in the s 
called subcardinal veins, which connect, as we have seen, vn 
the inferior vena cava. The mesonephros begins to degenera 
the tenth or eleventh day, and by the time of hatching it 
completely disappeared, save in so far as parts of it remain conrrj 
nected or associated with the reproductive system. 

C. THE METANEPHROS 

The metanephros is the permanent kidney of the adult, and A 
also functions probably, together with the mesonephros, during 
the latter part of embryonic life. Metanephric structuj^es 
appear toward the end of the fourth day as outgrowths from 
each mesonephric or Wolffian duct, just as this turns to enter 
the cloaca. Each outgrowth becomes a sac and then a tube, 
turning anteriorly and rapidly growing forward along the inner 
side of the posterior cardinal vein, and finally extending anteri- 
orly, above the mesonephros, as far as the twenty-fifth somite. 
This tube is the rudiment of the ureter and collecting iubuks 
of the metanephros; the latter are formed as the result of a com- 
plicated system of branches of the original duct as it gro^'^ 
forward (Fig. 141). 

The secreting tubules or true metanephric tubules, are formed 
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the cells of the nephrotomes of the last 
iits of the body (31-33). In this region 
phrotomal structure is not clearly differen- 
, and it is referred to simply as the meta- 
>genou8 tissue. As the metanephric diver- 
m grows out it is accompanied on its inner 
hroughout all its branching, by cells of this 
During the seventh or eighth day typ- 
ephric vesicles appear, like those of the 
ephros, and acquire openings into each 
1 of the collecting duct; Malpighian bodies 
p in the usual manner. During the next 

or four days the enthe metanephros is 
ished, and the mesodermal cells surround- 
e tubules and ducts form the stroma and 
e of the kidney. During the fifth and 
lays the terminal portions of the Wolffian 

and the metanephric diverticula become 
led into the wall of the cloaca so that the 
3 acquire openings separate from those of 
[>ffian ducts; the latter are hence, after the 
a*ation of the mesoncphros, not at all ex- 
f in function. No nephrostomes appear 
nection with the metanephros. 
n the preceding description it will be seen 
he inner or medullary part of the dcfini- 
idney is derived from the branched out- 
1 from the Wolffian duct, while the outer 
J layer of secretory tubules and Malpig- 
X)dies is derived from the metanephro- 
1 tissue (neiihrotomes) of the last two 
ee body somites, and is therefore homo- 
with the glandular part of the mcso- 



two or three 






£7 



Diaitran 

e n t s i D the 
ick. After 

lii. Proneph- 

duFt. and nie- 

tnncphric ducts 



(ur. 



») 



iUck;n]e> 
rir tuhuli 
ha(<^hcd; mOi 
npphric tubuli 
in dotted ou 



ph- 



2, The ReproducHre Syslem 
)re describing the development of this system it seems 
iry to recall, in a few words, the composition of tlie adult 
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reproductive system in the Amniota. Li these forms the 
gonoducts are derived from the original mesonephric or Wolffian 
duct, which is now represented by two longitudinal ducts, th^ 
Wolffian duct, stricio sensu, and the Miillerian duct. As ^ 
matter of fact, we shall see that the MuUerian duct develops 
independently of the mesonephric duct, but phyletically it 
clear that both ducts are to be regarded as derivatives of 
conmion mesonephric duct. The mesonephros itself largeS^ 
degenerates, of course, but some part of it remains functionaV." 
connected with the reproductive system in the male, and 
purely vestigial structure in the female. Consequently in 
male Anmiote the Wolffian duct proper is freed from excretojy 
function, and serves only as the gonoduct or vas deferens, 
effecting a comiection with the gonad through the remains of 
certain mesonephric tubules; the Miillerian duct is either 
vestigial or entirely wanting. In the female, on the contrary, 
the MuUerian duct is the functional gonoduct, or oviduct^ while 
the Wolffian duct and mesonephros either disappear entirely 
or remain as functionless vestiges. | 

A. THE REPRODUCTIVE DUCTS 

Nothing need be added to the accoimt already given of the 
development of the Wolffian duct. We shall see below how, in 
the male, this connects with the testis; in the female the Wolffian 
duet disappears along with the mesonephros. 

The Miillerian ducts develop similarly in the male and female; 
they appear during the fourth day. Each is formed as a 
thickened longitudinal band in the peritoneum, along the outer 
surface of the mesonephros, near its attachment to the body 
wall. I.e., just along the outer side of the Wolffian duct. This 
band invaginates, forming first a groove and then a tube, l}Tng 
just beneath the surface of the anterior end of the mesonephros. 
The extreme anterior end of this canal remains open into the 
body cavity, as the rudiment of the ostium or infundtbtdum. 
The greater part of the Miillerian duct is formed by the backward 
extension of the tube thus formed. It grows posteriorly as a 
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lid rod, gradually becoming tubular, and reaches the cloaca 
iring the seventh day, although it does not acquire an opening 
to the cloaca during embryonic life, indeed not until the fowl 
about six months old. The duct becomes surrounded by a 
ick coat of mesenchyme cells and appears as a ridge on the 
rface of the mesonephros. 

After the eighth day, in the male both Miillerian ducts and 
the female the right duct, cease to develop and immediately 
gin a series of degenerative changes. In the female the left 
let continues to enlarge, and as the mesonephros disappears, 
remains as a conspicuous organ, attached to the dorsal body 
Jl by a double fold of peritoneum, the mesovarium. Further 
fferentiation into the regions of the adult oviduct already 
scribed, begins before the end of the second week of 
icubation. 

B. THE GONADS 

The early development of the gonads is alike in both sexes, 
ad it is not until the end of the first week that the sexes can be 
istinguished. This early period is known as the indifferent 
niod. The gonads appear on the fo\u*th day, as longitudinal 
mds of thickened peritoneal epithelium, along the dorsal wall 

the body cavity, between the mesonephros and the attach- 
ent of the mesentery. This band of "germinal epithelium" 
ter appears on the inner surface of the mesonephros, on 
coimt of the enlargement of this organ. The germinal epithe- 
. develop symmetrically and extend through the posterior 
Jf or third of the mesonephric region. 
The peritoneal cells of the so-called "germinal epithelium" 
e apparently not to be regarded as the true germ cells. As 
other groups, the primordial germ cells are differentiated very 
riy in development, and migrate into this peritoneal or germi- 
il epithelium, where they begin to multiply (Fig. 142). The 
esenchyme cells of the mesonephros, beneath the peritoneum, 
5come added to the developing gonad and later form its stroma 
* connective tissues. 
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During the fifth day strands of cells appear, extending betwecn^^^ 
the substance of the gonad and the mesonephric tubules of th _.^g 
region. These are the rudiments of the sexual cords (Fig. 142^~~~- \ 
\\liile not definitely demonstrated aa yet, it seems probab~^j| 
that the sexual cords are outgrowths of the mesonephric tubul -_^„ 
(Malpigliian bodies) which extend into the gonad. About tr~^^i 
end of the first week of development the sexes are distinguishab^^-j^i 




sunh Ihp eonad of a rhiok. the middle of the fifth itv. 
rpttrhinK the KPrniinal epilheliuni. Aflpr Senion. (. 
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through t lie enlargement of the sexual cords in the male, and the 
greater thickness of tJie germinal epithelium in the female. 

Testis. — During tlie second week the primordial germ celb 
appear all through the stroma, and even migrate into the sexual 
cords, which continue to increa.se in size and number until they 
form altogetlier a considerable bulk. While the greater part of 
the mesonepliros degenerates, a vestige remains as the por<t- 
didymis. that part with which the sexual cords connect. The 
tubules of this region become the vasa efferentia {epididymU) 
through the formation, about the end of tlie third ff«t 
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if a lumen in each sexual cord, which thus puts the cav- 
ties of the testis into communication with the mesonephric 
ubules. The sexual cords thus become the rete efferentia. 
The primordial germ cells, or spermatogonia as they may now 
)e called, lie in the walls of the dilated inner ends of the rete 
ififerentia (sexual cords), into the cavities of which their cell 
)roducts may be discharged and pass thence, by the vasa 
jfferentia and the vas deferens, to the cloaca. The original 
"germinal epithelium" becomes converted into a flat covering 
layer continuous with the peritoneal folds (mesorchia) slinging 
the testis from the dorsal body wall. 

Ovary. — ^The early development of the ovary parallels that 
of the testis. Like the right oviduct, the right ovary, after 
developing for a time, degenerates and disappears. In the 
left or definitive ovary the primordial germ cells behave as in the 
testis, at first, but after a brief period their migration ceases 
and those which have left tlie primitive germinal epithelium 
degenerate, together with the sexual cords. The epithelial 
cells, and the primordial germ cells contained in the epithelium, 
continue to multiply rapidly, and the mesenchymal stroma 
becomes abundant. The inner surface of the germinal epi- 
thelium forms strands of cells projecting into the stroma of the 
ovary, and containing primordial germ cells or oogonia. These 
strands segment into separate cell masses or nests, each includ- 
ing an oogonial cell; the further growth and development of the 
odgonia have been described in the beginning of the preceding 
chapter. 

The mesonephros thus has no share in the formation of the 
reproductive system of the female; its posterior section may be 
recognized in the vestigial paroophoron, while the homolog 
d the epididymis of the male is to be seen in the parovarium. 

C. THE ADRENAL BODIES 

Brief reference to the development of the adrenal bodies may 
fe made here, although they are not a part of the renal system, 
^^ese bodies have a double origin, arising in part from periton- 
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eal proliferation and in part from sjrmpathetic ganglion cells; 
the part derived from the peritoneal cells effects secondary con- 
nections with certain mesonephric components. 

During the fourth day the peritoneal cells in front of the germi- 
nal epithelia proliferate and extend through the mesenchyme 
anterior to the mesonephroi and along the dorsal aorta. Am 
these cells multiply they become arranged in definite strand 
or solid cords; these cords then connect with the renal vesicle 
of the adjacent portion of the mesonephros. By the eighth da 
a definite and highly vascular rudiment is established on ea^^ 
side. About this time cells of a sjTnpathetic ganglion locat«^ 
on the antero-dorsal side of the adrenal rudiment, begin 
extend into it, penetrating among the primary cords. Dur^ 
the later stages these peritoneal and s>Tnpathetic compone- :s 
assume the relations foimd in the adult adrenal, forming tfci) 
the cortical and medullary cords respectively. 
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We shall not undertake, in the present chapter, to give an 
account, however brief, covering the whole embryonic history 
of a Mammal. We shall rather attempt to describe certain 
phases or aspects of mammalian development, selected on j "^ 
account of their interest or importance for the general student. 
We shall give first a description of the mammalian ovum, its 
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formation, the early processes of cleavage and the formation 
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of the embryonic layers, and the formation of the embryo and 

its chief rudiments. This will be followed by a brief account 

of the development of external form of the human embryo. 

Then in conclusion we shall outline the more salient facts 

regarding the embryonic membranes and appendages, and the 

establishment of those relations between the embryo and the 

maternal organism which are such fundamental characteristics 

of the true (Eutherian) Mammals. For the whole subject of 

mammalian organogeny the student may be referred to the 

excellent and recent accounts given in such texts as those of 

O. Hertwig, Keibel-Mall, Minot, McMurrich, etc. 

The whole life-history of the Mammal may be roughly 
divided into foiu* periods, each marked by one or two striking 
characteristics, but often not other^\lse clearly separated. 
First is the true embryonic period or period of gestation^ during 
the greater part of which the organism is retained within the 
uterine cavity of the mother, drawing its nourishment from the 
"Uterine walls. This period extends from the time of fertiliza- 
tion to the time of birth, and its duration is widely variable in 
(Cerent species, though usually quite constant in any single 
form, due, perhaps, in part, to the fact that conditions of tem- 
perature, nutrition, etc, are subject to only slight variation. To 
mention a few examples, the period of gestation is, in the mouse 
twenty to thirty days (Daniel), rat about twenty-one days, in 
the rabbit thirty to thirty-two days, guinea-pig sixty-four to 
seventy days, cat about nine weeks, dog fifty-nine to sixty- 
three days, sheep about twenty-one weeks, pig about four 
months, cow about nine months, man about nine months 
(270-280 days), deer ten months, horse about eleven months, 
elephant about twenty months. 

The time of birth, or parturition^ marks the most abrupt 
physiological and morphological transition in the entire life- 
history. There is wide variation, among dilTcrent forms, of 
the comparative stage to which development has proceeded 
^hen this event occurs. Some organisms, like the calf or the 
^olt, may be termed precocious, since they are able, within a 
few hours after birth, to run about actively and to live with a 
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minimum of parental protection and care. Others, such aa 
the kitten or young rabbit, are bom in a much less advanced 
stage and, with unopened eyes and imcoordinated movements^ 
remain almost helpless for several days. Some of the marsu^ 
pial Mammals (Metatheria) are quite remarkable in that tb^ 
young are bom after a very brief period of gestation (aboi:^ 
eight days in the opossum (Didelphys) and in Dasyurns), at , 
relatively very early stage of development, not able even 
perform the simple act of sucking. In these forms there 
special adaptations to this condition, and the young are 
once transferred to a special external cavity of the mother, 
marsupium or pouch, where development proceeds. 

In no case is the young Mammal entirely independent of -tk 
maternal organism for some time after parturition, for thiere 
follows the second general period in the life-history, that of 
lactation J during which the young organism is wholly or part/j 
dependent for its nourishment upon the mammary secretion 
of the mother. . During this period development continues, of 
course, but at a slower rate, and toward its close there is a 
gradual transition to conditions of complete independence, 
save that some degree of parental care may be exercised for a 
time longer. The duration of the period of lactation is variable, 
even in a given species. 

Two other periods in the life-cycle of the Mammal need only 
to be mentioned; these are the period of adolescence y durin/ 
which growth and development continue at a still slower rat/ 
and the period of adult life or sexual maturity. The transitic 
between those periods is often marked by a series of structu 
and physiological alterations in characteristics other than th 
of the reproductive system. 

Embryologically as well as morphologically, the Mamir 
present many similarities to the Sauropsida. The mamm; 
ovum is nearly yolkless, and yet in its development it exl 
many of the phenomena of yolk-influence — characterist 
eggs of the extreme telolecithal (meroblastic) type — su 
the formation of a modified germ disc, of a (yolkless) yo' 
and other less striking characteristics. AVhile the mam 
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egg resembles that of Amphioxus in size and deutoplasmic 
relations, it exhibits almost none of the regularities of cleavage, 
blastula formation, and gastrulation that we should expect to 
be associated with a small, homolecithal ovum. 

The origin of the most fundamental modifications of the 
sauropsid type of development lies in the replacement of the 
intra-oval yolk-mass by a source of food and energy lying out- 
side of the ovum and embryo, i.e., the maternal uterine walls, 
and in the early and extensive relation between the embryo 
and this new source of nutrition. 

In the following account of certain phases of mammalian 
development, we shall not be limited to any single form through- 
out, but shall describe in general, elementary terms, the mam- 
malian type of development, using various forms as illustrations 
of the topics considered. 

I. THE EGG AND ITS FORMATION 

1. The Re-productive Organs of (lie Female 

In the Mammals there is always a single pair of ovaries, sus- 
pended in the postero-dorsal region of the body cavity by 
peritoneal mesovariu (Fig. 143). They are whitish, rounded 
or ovoid bodies, of rather small dimensions (human, 3-4 cm. 
long, by 2-3 cm.' wide, by 0.7 — 1.2 cm. thick; rabbit, about 
2 X 0.8 cm. The ovaries are not directly connected with the 
gonoducts, although the openings of the oviducts are suspended 
in the same peritoneal mesovaria, and are located very near to 
the ovaries, so that the ova, when discharged from the ovary 
pass only a short distance through the body cavity before 
entering the oviduct (Fig. 143). 

The MuUerian ducts, or oviducts in the broad sense, are 
muscular tubes, highly differentiated into three regions. The 
Upper or anterior portion forms the Fallopian tube or oviduct , 
stricto sensu (Fig. 143). The inner end of this, wliere it opens 
out of the body cavity near the ovary, is expanded and its 
niargin is drawn out into finger-like or fringe-like processes; 
this is the infundibulum, ostium or fimbriated opening. The 
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second section is the uterus, thicker walled than the Fallopian 
tube, and of greatly varying extent in different Mamtnals, 
correlated with the number of young produced at one time, 
for this is the part of the oviduct occupied by the developing 
embryos. Lastly b the terminal vagina, which opens directly 
to the outside in all placental Mammals. i 

The vaginal region is practically always a single, medians 
structure, formed by the fusion of the lower ends of the tn- • 




Fill. 143, — DisKrammatic represents tion of the human female roproduccJva 
organs. Dorsal (posterior) view. Ftnm Quain's Analomy. The poalaiW 
walla of the utema and vagina have been romovBd to show their cavitid. A 
Cervix of uterus: /i, fimbriated opening or ostium of oviduct; k. hydilJd; >• 
wider diatal part of oviduct; I. round ligament: II, the hroad ligament; h, !i^- 
ment of ovary; o. ovary (naturally the ovary boa an oblique or nearly VBtirsI 
position); od, oviduct or Fallopian lulie; po, parovarium; u. fundus uf uMnli; 
I, upper part at vagina. 

oviducts. Different groups of Mammals exhibit various 
degrees in the extent of the fusion of the uterine sections also. 
Thus in the Rodents the vaginae alone are fused, the uteri 
remaining entirely distinct (uterus duplex), in the Camivors and 
most I'ngulates the uteri are partly fused, partly free {utms 
bicornis), and in the Primates the uteri are completely fc^ 
and only the Fallopian tulies remain paired (uterus simplex). 



2. Tlie Ovum and Us Ovarian History 

The ova of the placental Mammals are among the smaHfrt 
known. ^Tien fully formed they are usually 0.1-0.3 mm. in 
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diameter, although these limits are occasionally exceeded; for 
example, the ovum of the mouse measures about 0.06 mm., 
deer 0.07-0 . 10 mm., guinea-pig 0.09 mm., dog about 0.18 mm., 
human 0.22-0.32 mm., cat 0.135-0.15 mm., rabbit 0. 1 1-0. 12 mm. 
The cytoplasm of the ovum ordinarily exhibits two general 
legions, a clear exoplasm or cortical layer suTTounding an opaque 




Flo. 144. — Fully grown human oOcyte juBt removed from the ovary. Ottt- 
■ide the oocyte are the clear lona pellurida and the follicular epithelium (corona 
radiata). The central part of the oOcyte contaiiiB deutoplasmic bodies and the 
cccentrie nucteug (germinal vesicle). Superficially there is a well-marked eio- 
plasm, or cortical layer. From Waldeyer (Hcrtwig'a Handburh, rlc). 

endoplasm containing small granules of deutoplasmic material 
(Figs. 144, 146). The nucleus or germinal vesicle of the fully 
formed oocyte is relatively large, usually 0.025-0.040 mm, in 
diameter; it is spherical, possesses a definite nuclear membrane, 
a large nucleolus (karyosome) , and has a slightly eccentric 
position. 
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The presence of a vitelline membrane is not definitely known ; 
smrounding the ovum, however, is a thick transparent mem- 
brane apparently of chorionic nature (i.e., of follicular origin 
— ^secondary egg membrane), known as the zona pellucida. This 
often has, either throughout or at least peripherally, the 
appearance of being perforated by minute pores or canals, and 
hence is often called the zona radiaia. A micropyle is not 
known. The zona pellucida is usually separated from the sur- 
face of the fully grown egg by a narrow perivitelline space. In 
many Mammals, at the time the ovum escapes from the ovary 
it is, and for a time remains surrounded by a few layers of 
regularly arranged cells forming the corona radiata (Fig. 144). 
This is a part of the ovarian egg follicle, and in order to under- 
stand its relations we must outline the earlier ovarian history 
of the ovum. 

The formation of the ova begins in the ovary before the time 
of birth, and in the case of the Mammals all of the ova which 
are to be produced during the period of fertility, are at that 
time definitely established, although only partly differentiated. 
In other words the period of the multiplication of the oogonia 
is completed during embryonic life. Subsequently there occur 
the phases of oogonial growth and the maturation processes. 
In the embryonic ovary the primordial germ cells divide 
repeatedly and soon form large numbers of cells arranged in 
small groups or ** nests ^' (Fig. 145). The cells composing these 
have all had a similar liistory, but are destined to have very 
different fates. In each group one cell enlarges and becomes 
a definitive ovum, while its sister cells and their descendants are 
to form the egg follicle. All of the stages in the history of 
the formation of the ovum and follicle can be found in the ovary 
of a fertile individual. 

The follicle appears first as a small group of flattened cells, 
forming a single layer around the slightly enlarged central 
oogonium (I^'ig. 145). As the follicle cells multiply they become 
cubical and tlien columnar, forming a definite epithelium. As 
the ovum increases steadily in size the follicle more than keeps 
pace with it, so that as tlie follicular epithelium becomes three 
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^KHE 

^Ho four cells deep, spaces begin to appear within tlie follicle, 

^^taually toward oiic side. On the side opposite these spaces the 

follicular cells multiply more rapidly and form a definite accu- 




Fio. 145.— Serlion through port of the ovarj- of a dog. After Wnldeyer. a. 
'fiemdaai epithelium"; 6, egg tubes; c, Bmoll ovarinti fulliclesj tl. older ovariao 
''■'IicIm; e, ovum surrounded by discus proligema; /. seciiud ovum in follicle 
'■^tli e, (Only rarely nre two ova thus found in a single foUirle.) a. Outer rsp~ 
°>iie of the lolliclp; h, inner capsule of the follicle: •*. Dienilirana grsnuloaa: 
'■ eollapsed, degeneruiiug folliolfi: I, bluod-veei-sls; m, seetions through tubes 
"' the pnrovarium: j/. involuted portion of BuperGdal epithelium; 
'"*b to peritoneal epithelium. 

''^Ulation known as the dificus jwoligerus, in the midst of wliicli 
'«e ovum 15 buried (Fig. 14.j), The follicle cells immediately 
^UiT()uii(ling the ovum become markedly elongated forming the 
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corona radiata, mentioned above. These cells appear to be 
directly connected with the ovum by fine pseudopodial proc- 
esses affording the pathways by which substances enter the 
ovum, providing for its growth. The other cells of the follicle 
form what is known as the stratum granulosum. 

As the follicle and egg approach maturity the follicular cavity, 
containing the liquor folliculi, becomes very large, and the whole 
structure becomes enclosed in a definite capsule consisting 
externally of connective-tissue fibers and cells formed from the 
stroma of the ovary, and internally of a thick layer of cells, 
blood-vessels, and nerves. Within this lies the basement 
membrane of the follicular epithelium (granulosa cells). At 
the close of the oogonial growth period, the cells of the corona 
radiata form a thick membrane (zona pellucida) around the 
egg, and the protoplasmic processes remain only partially and 
indistinctly (zona radiata). The full-grown follicle is very 
large (9-14 mm. in man) forming a well-marked projection from 
the surface of the ovary. The mammalian follicle is usually 
known as the Graafian follicle. It was first described in 1677 
by Regnerus de Graaf and was regarded as what we should 
now call the ovum, until Von Baer's description in 1827 of 
the true mammalian ovum. 

As to the history of the egg itself during the growth stage, 
little need be said here. A differentiated region around the 
nucleus appears very early, before the follicle has definitely 
formed. This becomes a sort of "yolk nucleus" giving rise 
to the deutoplasmic content of tlie egg; it disappears while the 
follicle is still single layered. During the growth period, which 
is also a period of "organization" of the ovum, the nucleus 
appears to give off chromatic substance into the cytoplasm. A 
pair of small centrioles with surrounding centrosphere may be 
seen during the early stages of growth. 

3. Maturation 

At the close of the growth period the nucleus forms a large 
clear vesicle, with very little chromatin other than that of the 
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large chromatin reservoir or karyosome. It is now ready to 
enter upon the period of maturation. As a rule, in the Mam- 
mals, the first polar body is given ofif while the ovum is still 
within the ovary (in the mouse about one hour before ovula- 
tion), and the second polar spindle is established; the second 
polar division is then completed only after fertilization, which 
occurs, of course, in the oviduct. It is not necessary to describe 
the details of the maturation process here, for in most respects 
it ofifers nothing unusual. With respect to the size of the polar 
spindles and polar bodies, however, the Mammals are rather 
remarkable, for these, especially the first polar body, are very 
large, often one-fourth the diameter of the ovum itself, and in 
some cases even larger. Occasionally an abnormally large 
first polar body may be formed so that the egg divides almost 
equally; the later history of such cases is not known. The 
first polar body usually divides soon after its formation; 
amoeboid movements have been observed in the first polar body 
of the mouse. Centrioles are distinctly present, but the asters 
are only slightly indicated or absent. 

A large second polar spindle is formed at once and moves 
toward the surface of the egg (secondary oocyte,) when the 
process of maturation is inhibited while the processes of ovula- 
tion and fertilization occur. The second polar body is then 
formed while the ovum is in the upper part of the oviduct; it 
is smaller than the first. The polar bodies do not remain 
attached to the surface of the ovum (Fig. 147) and are easily 
lost sight of entirely. The number of chromosomes can be 
most easily determined during these phases; some of the 
somatic numbers determined are the following: man, twenty- 
two in the male, twenty-four in the female (Guyer), mouse 
twenty-four, cat between twenty-eight and thirty-two. 

4. Ovulation 

The escape of the ovum (secondary oocyte) from the Graafian 
follicle and the ovary, is termed ovulatiov. The capsule of the 
^atiuing follicle becomes very vascular, and at one place very 
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thin and easily ruptured; this is the cicatrix or stigma. It has 
been suggested that the rupture of the follicle may be due to 
the continued accumulation of the liquor foUiculi. However 
this may be, when the follicle bursts the liquor flows out into 
the periovarial cavity, carrying along the ovum, still surrounded 
by the corona radiata. The fimbriae of the oviduct are also 
enclosed in this periovarial cavity, and through the ciliary 
action of the epithelium covering these and lining the upper 
part of the oviduct, and probably also through peristaltic con- 
tractions of the oviducal walls, the ovum is carried through the 
ostium and into the oviduct. During this passage the first 
polar body frequently breaks through the chorion (zona pellu- 
cida or radiata) and through the corona radiata as well, so that 
it is entirely lost from the region of the ovum (mouse, Kirkham), 

Retiu'ning to the history of the follicle itself, we find it 
undergoing very important changes, as the result of which it is 
converted into the carpus luteum. The emptied follicle soon 
becomes a nearly solid mass of cells, kno\\Ti as lutein cellsy large 
rounded cells containing quantities of pigmented granules or 
lutein. The origin of these cells is somewhat uncertain; they 
appear to be derived from the stratum granulosum cells of the 
follicle, although they may come from the inner capsule of the 
follicle (stroma cells). Their pigment is yellowish in man, 
hence the name corpus luteum; in other Mammals it may be 
pinkish (pig, rabbit), red (mouse), browTi (sheep), etc. 

In cases of non- pregnancy following ovulation, the corpus 
luteum is rapidly converted into fibrous connective tissue and is 
absorbed, but when pregnancy follows, the corpus luteum 
retrogresses very slowly and disappears only after parturition. 
There is considerable evidence (Marshall, L. Loeb) that the 
corpus luteum produces an internal secretion (hormone) of 
great physiological importance in effecting the fixation of the 
ovum to the walls of the uterus (implantation, see below). 

The general conditions determining the occurrence of o\niIa- 
tion are unknown in most instances. In the lower Mammal 
it is associated with a general physiological condition known as 
cestrus or heaty which may possibly itself be determined by 
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interna] ovarian secretions (hormones). Usually, too, the 
period of oestrus is preceded by a procestrus, or menstruation. 
In man, however, these two conditions are more or less inde- 
pendent, and no very constant relation is apparent. In the 
rabbit, cat, and ferret, ovulation occurs only after coitus 
(nine to ten hours after, m the rabbit, and usually within 
fifty hours in the cat), while in the dog, rat, and mouse, and 
in many Ungulates and Primates, it occurs independently of 
coitus. In many cases ovulation follows upon parturition, in 
the mouse about fourteen hours after the birth of a litter, and 
in the rat within about eighteen hours. 

II. FERTILIZATION AND THE EARLIER PHASES OF 

DEVELOPMENT 

1. Fertilization 

In most of the Mammals fertilization occurs in the upper part 
of the oviduct, almost immediately upon the entrance of the 
ovum. After the introduction of the spermatozoa into the 
Vagina, they make their way to the upper ends of the oviducts, 
Vhere they may remain alive and capable of functioning for 
several days or even weeks. Apparently the ovum too may 
l^main in the oviduct, alive and capable of development, for 
several days or even a fortnight, in case fertilization does not 
occur at once. 

The details of the sperm entrance, the formation of the sec- 
ond polar body, the establishment and fusion of the egg and 
sperm pronuclei, and the formation of the first cleavage figure, 
are not unusual and need not be described here (Fig. 146). 
Monospermy is typical of the Mammalia, and since there is no 
inicropyle, the spermatozoon has to penetrate the zona pcllucida 
(radiata), as well as the corona radiata, which may remain 
currounding the egg during fertilization and even until a late 
cleavage stage. Long before it finally breaks down it becomes 
soft and easily penetrated (Hg. 140). In the rat the vigorous 
movements of the spermatozoa within and among the cells 
of the corona tear this to pieces and leave the egg naked after 
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twenty to twenty-five minutes. In the mouse, at least, the 
entire spermatozoon enters the ovum, but the tail soon disap- 
pears. Some of the details of the process of f^tilization in the 
cat, are shown in Fig. 146. 
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Flo. 146. — Rn'ooatruplion or four sectioDS through the fertiliied ovum'^lli* 
tat. From Longlcy (combined from two figures). No lona pellucida i« viiihl' 
n (hcsc spcliuns. The corona radiata is disiotegrating. (. Remaina of Kconi 
ioiar Bpindlr: /. first polar body; //, Bccoad polar body; d', speno pronuclnu: 



2. Cleavage 

Before taking up the details of cleavage and early develop- 
ment, we should say, in preface, that in the placental ManuDftls 
these processes of cleavage, formation of the blastoderm and 
early cell layers, are in many respects uni<]ue and often very 
difficult of comparison with the corresponding processes in otber 
forms. As mentioned above, many of these peculiarities result 
from the fact that the mammalian ovum was originally markedly 
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telolecithal, probably like that of the Sauropsida, and we are 
already familiar with the fact that the presence of a large yolk- 
mass profoundly modifies the simple processes of cleavage, 
gastrulation, etc. Accompanying the return of the mammalian 
egg to the nearly alecithal condition, however, we do not find a 
corresponding return to the simpler early developmental 
processes characteristic of the primarily alecithal egg. On the 
contrary these processes are modified in new directions, not 
known elsewhere. 

Added to these modifications is another series of alterations 
resulting from the very early development of a mechanism by 
which the segmenting ovum becomes intimately related with 
the uterine walls. Altogether, then, we find conditions here 
that are very special and not closely paralleled in other animals. 
So profoundly have the early stages of development become 
modified that there is sometimes difficulty in clearly identifying 
and homologizing with other types, certain structures of the 
early mammalian embryo, such as the germ layers, primitive 
streak, etc. In the following description we shall adopt the 
convenient and more customary descriptive terms, but it 
should be clearly recognized that there are possible contradic- 
tions, and some students of mammalian embryology would say, 
positive errors, in applying the customary terminology to the 
early history of the mammalian embryo. 

In most of the Mammals the early development is very slow. 
The cleavage stages usually occur as the egg is passing slowly 
fdown the oviduct. In the mouse the first and second cleavages 
occiu" about twenty-four hours and forty-eight hours, respec- 
tively, after coitus, and about eighty hours elapse before the 
o\nim reaches the uterus. In the rabbit the first cleavage 
occurs fourteen to fifteen hours after ovulation, and nearly 
four days are occupied in the passage to the uterus. In the 
dog eight to ten days elapse before the ovum reaches the uterus. 
A few instances are known, on the other hand, where the egg 
arrives in the uterus just as cleavage begins (bat, hedgehog, and 
ether Insectivors) . In the European roe-deer, whore fertiliza- 
tion occurs in the autumn, or perhaps in mid-summer, the ovum 
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develops only as far as a cleavage stage that season ; its develop- 
ment then continues the following spring. 

There is considerable variation in the details of cleavage in 
the Mammalia, and since we are not describing any single form, 




Fio. 147. — Cleavage of the ovum of the rabbit. After Amheton. A. Two- 
cell stage, twenty-tour hours after coitus, showing the two polar bodies BeparatMJ. 
B. Four-pell stage, twenty-five and one-half hours after coitus. C. Eight-eell 
stage, a, Albumenoua layer derived from the wall of the oviduct; z. loiia radista. 

we must be limited to very general terms; many of the details 
may be learned from the accompanying figures (Figs- 147, 148). 
Cleavage is total and at first adequal, very early becoming quite 




Fia. 146. — Morula and early blastodemiii 

Asshcton. The lona radiata and alhui 
through morula sIqkp. forty-seven faou 
young vCHirle. eishty hours after rnitue 
have not rpanhecl the ulerus at this n 
veejde. eiichly-rhrce hours af lee* coitus, 
toderniic veaii'tc; i. inner cell mass; u 
layer, trophoblasl). 

unequal, and in many cases very irregular, so that stages ot 
three-, foiu--, five-cells, etc., may be found. The first cleavagp 
plane, and uniually the second, pass nearly through the chief 



'eaicles of the rabbit. Afi« 
. . .'er are not shown. A. SeftiM 
after coitus. B. Section through \trj 
Taken from uterus; ordinarily theori 
C. Section through more adv«iiffJ 
Fallen from uterus, e, Cavity of llll^ 
vail of blastodermic vesicle (nibioDit 
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egg axis, but the promorphological relations of these cleavages 
are not known. 

In a comparatively early stage the cells take on a fairly 
definite arrangement. Thus on the surface of the cleavage 
group we may see a regular and usually continuous, epithelium- 
like layer, siurounding, or nearly surrounding, a central mass 
of large, irregularly arranged cells (Fig. 148). The egg 
usually remains closely surrounded by the zona pellucida dur- 
ing these stages and the superficial cell layer is known as the 
subzonal layer, the central mass as the inner cell mass. 
This arrangement of cells forms what is known as the morula 
stage, e(juivalent to the blastula stage of other forms. (The 
identification of this stage as a gastrula ('*metagastrula,*' 
Van Beneden) leads to some difficulties in the interpretation of 
the homologies of the layers of later stages.) The fully formed 
morula consists of thirty-six to seventy-two cells, of which 
twenty-four to thirty compose the inner cell mass. 

3. The Blastodermic Vesicle 

As cleavage continues in the cells of the morula, vacuoles 
«ppear among the cells of the inner cell mass, toward one side 
of the morula only. These vacuoles rapidly enlarge and flow 
together toward one pole, while the cells of the inner mass re- 
main grouped together at the opposite pole (Fig. 148). The 
structure thus formed is termed the hlastodemiic vesicle; the 
fluid of the cavity is supposed to represent the yolk-mass of the 
sauropsid blastula or gastrula. 

In all cases the uterus is reached by the time the blasto- 
dermic vesicle is formed, and the immediately subsequent 
events in development may be described under two heads, 
(a) the growth or enlargement of the blastodermic vesicle; 
(6) the formation of the embryonic rudiment and its layers 
(germ layers). The implantation or embedding of the vesicle 
in the uterine wall will be described in connection with the 
history of the foetal membranes. Although these processes 
overlap to a considerable extent we may describe them sepa- 
rately, as a matter of convenience. 
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A. THE GROWTH OF THE BLASTODERMIC VESICLE 

The enlargement of the vesicle results from the flattening 
of the cells of the subzonal layer, as well as from then- multipli- 
cation, and the wall of the vesicle thus becomes very thin 
(Fig. 149). Growth of the vesicle is always rapid, and often it 
becomes very large. In the rabbit the ovoid vesicle reaches 
dimensions of about 4.5X3.5 nun. by the seventh day of de- 




tr&ph 



Fio. 149. — Section through the fully formed blastodermic vesicle of the rabbit. 
From Quain's Anatomy, after Van Beneden. /cm, Granular cells of the inner cell 
mass; troph, trophohlast cells; zp, zona pellucida. 

velopment (third day within the uterus), when implantation 
commences. In the mouse the spherical vesicle is much 
smaller when implantation begins. In the Ungulates the vesi- 
cle becomes elongated and tapered at each end, and very large; 
in the sheep the twelve-days vesicle (Bonnet) reaches a lengthy 
of more than 20 cm., its diameter being only 1-2 mm. Ulti — 
mately the Ungulate vesicle may extend through the entire 
uterus, and may even be folded, so that a total length of 1 m. 
may be reached. In all these cases the embryonic portion of 
the early vesicle is limited to a small, almost microscopic mass 
about in its middle. 

B. THE FORMATION OF THE EMBRYO AND THE EMBRYONIC 

LAYERS 

We may now return to a stage where the small blastodermic 
vesicle is just established and consists of a single layer of 
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subzonal cells, with the inner cell mass suspended from its 
inner surface like a hanging drop (Figs. 148, C; 149). The 
first step in the differentiation of this structure consists in the 
rearrangement of the cells of the inner mass so that those bor- 
dering the cavity of the vesicle are formed into a definite, con- 
tinuous layer, known as the embryonic endoderm (Figs. 152, 155). 
The relative time at which the endoderm becomes distinct may 
vary greatly. The endoderm cells multiply rapidly, and typ- 
ically they spread distally over the entire inner surface of the 
subzonal layer, converting the blastodermic vesicle into a two- 






Fio. 150. — Diagramsof the formation of the amnion in the Inflcctivors. After 
Keibel. Black, embryonic ectoderm; heavy stipples, trophoblast; light stipples, 
endoderm; oblique ruling, mesoderm. A. Before the appearance of the amnionio 
caWty. Inner cell mass differentiated into embryonic ectoderm and mesoderm; 
endoderm extending completely around the wall of the vesicle. B. The amnionio 
cavity (a) appearing in the ectoderm. C. Enlargement of the amnionic cavity. 
Mesoderm expanded and split into somatic and splanchnic layers, separated by 
the ccelom. «, Primitive streak. 



layered structure, the gastrula (Figs. 150, 153, 155). In the 
Primates, however, the formation of the endoderm does not 
keep pace with the enlargement of the blastodermic vesicle, 
so that the endoderm forms a smaller second vesicle suspended 
below the inner cell mass (Fig. 161). 

After the separation of the endoderm, the remainder of the 
inner cell mass is known as the embryonic ectoderm. In most 
instances this remains (juite distinct from the original subzonal 
layer, which, in view of its future function of attaching the 
vesicle to the uterine mucosa, may now be termed the tropho- 
blast (Hubrecht). The inner cell mass is now clearly differen- 
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^^^^Ktcd into embryoaic ectoderm and endodemi, but before 
^^^Hc continue the later history of these layers, we must consider 
^^^Briofly two other matters, C") the relation between the ecto- 
^^Htlerm of the embryonic shield and the trophoblost cells 




Fla. 151. — SMtiodf through Four stages Id the oorly dpvdopmeat of llie 
Inaeftivor, Tupaija jataniai. From Hubrecht. A. Blaslodemiic reeide com- 
pletely closed: endodcrm still rontiuuous with tlie cnil)ryoiu{' ectoderm. B. ('— 
Embryouio ectoderm aplit and fiddiaK out upon the surface of liie vcaVIr^.^ 
pusfaing sway the tropfaohlast cells. D. Embryonic erloderm forming; a Sat di 
on the surface o( the blast ndermio ve«iele. E, Inner cell masi {'"ectodetmar 
ahield"): M. embryonic ectoderm; en. endoderm; tr, Irophoblast. 

(eubzonal layer), and (&) the establishment of an importaik-t 
cavity, the amnionic canty, which first appears about this time- . 
There is a great deal of variation among the Mammals in the 
details of the.se relations, and we shall attempt to give only t 
very genera! statement of the more important conditions. 
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We may make a preliminary distinction between those in- 
stances where the trophoblast is interrupted in a circumscribed 
area, just above the embryonic ectoderm, the embryonic disc 
then moving up and occupying this space, and thus acquiring a 
BUperficial position; and others where the trophoblast remains 




Tia. 152. — Three stages in the formation I 
AFler Keibel. A. Spaces appearing in the 
CBvity (embryoeyat) in the inner cell maas, 
(rophobloat. C. Embryocyst opened out upo 
cell maaa; n, endoderm; a. embryonic shield; 



f the embryonic shield in the deer. 
nner cell mass. B. Fully formed 
which is still covered with a thio 
I the surface, e. Ectoderm; i', inner 
. trophoblast; u, embryocyst. 



continuous above the embryonic ectoderm, forming a complete 
enveloping layer around the endoderm and embryonic shield. 
The latter condition is known as the enlypy of the germ. 

Among the former instances we find again quite a variety of 
methods by which the embryonic layers acquire their super- 
ficial position. (1) In the Insectivor, Tupaija, the inner cell 
mass forms a cup-shaped structure which oix-ns out upon the 
surface of the vesicle, pushing tlie trophoblast away (Fig, 151). 
(2) More commonly, as in most Ungulates, in Tarsius, and the 
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opossum, the ectoderm moves up irregularly, gradually pushing 
away the trophoblast cells (Figs. 152, 153, 157). (3) In the 
rabbit, shrew, and probably in the dog, the trophoblast remains 
for a time continued as a very thin layer (Rauber^s layer) over 





Fio. 153. — Transverse sections through the early blastodermic vesicle of the 
hedgehog, Erinaceus. After Hubrecht. A. Embryonic ectoderm forming a solid 
mass. Endoderm lining the entire trophoblast wall. Trophoblast becoming 
trophodermic. B. Amnionic cavity established. Trophoderm formed com- 
pletely around the blastodermic vesicle, a. Amnionic cavity; c, ectoderm; 
d, trophoderm; n, endoderm; 8, embryonic shield; t^ trophoblast. 





Fio. 154. — A. Section through part of the blastodermic vesicle of a six-day 
rabbit. From Quain's Anatomy, after Van Beneden. B. Transverse section 
through the embryonic shield of a dog of unknown age (between eleven and fifteen 
days). After Bonnet, a, Trophoblast (in A^ Rauber's layer); 6, embryonic 
ectoderm; r, endoderm; «, embryonic shield (embryonic ectoderm); x, space in 
embryonic shield. 

the surface of the ectoderm of the embryonic region. Appa- 
rently the thin cells of the trophoblast finally disappear, leaving 
the ectoderm upon the surface, but it is possible that they mingle 
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indistinguishably with the cells of the ectoderm itself; in either 
case the trophoblast cells here disappear as such (Figs. 154, 
157, G, H). 

In the second condition mentioned, where the trophoblast 
remains continuous above the embryonic layers (entypy), we 
find a still greater variety in the details of the relations, which 
may become very complicated. This general type of develop- 
ment is found in many Primates (probably in man), many 
Rodents including the mouse, rat, and guinea-pig, in the 
Chiroptera (Fig. 155), and in some Insectivora including the 
hedgehog (Erinaceus) Galeoj/ithecus and Gymnura. In all these 
forms a space appears in the ectoderm, known as the amnionic 
<avity. This space may result from a definite splitting apart of 
two cell masses (e.g., hedgehog), or it may result from the 
^gradual confluence of irregular spaces (e.g., bat. Fig. 155). It 
is important to bear in mind that in these instances of entypy, 
the true embryo develops only from the cells (ectoderm and 
'^ndoderm) lying in the floor of the amnionic cavity. 

Very often the trophoblast in this region becomes thickened, 
:forming a trophoblastic knob (^Urdger'^), which enlarges and 
pushes the embryonic shield down into the cavity of the blasto- 
<lermic vesicle (rat and mouse, for example). An additional 
cavity, the false amnionic cavity, may develop within this 
trophoblastic knob. This shoxild not be confused with the 
true amnionic cavity, which here forms a completely closed 
vesicle, with ectodermal wall, entirely separate from the tro- 
phoblastic knob, and often of considerable size, even in these 
early stages (Fig. 156). A rather more special condition is 
found in the guinea-pig, where the small amnionic vesicle 
separates widely from the trophoblast, leaving a large space 
known as the interamnionic cavity between the true and the 
false amnionic cavities. The false amnionic cavity of the tro- 
phoblastic knob becomes very large (Fig. 156, B), while during 
these early stages the true amnionic cavity remains very small. 

It is among these forms (e.g., rat, guinea-pig, etc.) that the 
phenomenon of the so-called ** inversion of the germ layers" 
was described. It is now clear that no genuine inversion takes 




Via. 1S5. — Sectlona IhrouKh (be blastodermic vesirip, or its embryonii' portiHl, 
of the bat, Vetprrtiiio, ehowingtheforitiatiun uf the ammomc cavity. A/(er Vin 
Beocden (Brachet). ^. Serfion paflHing through the inner cell ninaa Aowinflli* 
very boginniiiB ol the amniumv cavity. B. Anmionic cavity cleaily iodicaUidM 
irregular spaces. The endodertn is torn away from its normal prwitioD uwhr 
the embryonic ectoderm. C. Thickened trophoblast now a ayncytiotrophablMt' 
D. AmaioDic cavity fully eatablished. The endoderra is torn away InM lij 
wall of the vesicl« at ita ends, a. Amnionic cavity; am, amnion: b. capillariH" 
the uterine wall; c. embryonic ectoderm; t. endoderm; i, iuDer Mil mtM! *^ 
■yneytiotrophoblaBt; I, Iropboblast; v, cavity of blastodermic vetiole. 
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place, but the basis of the phrase is clear. The enlargement of 
the trophoblastic knob with its false amnionic cavity, pushes 
the embryonic ectoderm cells far down within the cavity of the 
blastodermic vesicle; this is especially marked in the guinea- 
pig. Then as the endoderm eel's spread out over the inner 
surface of the embryonic ectoderm (Fig. 156) they may extend 




F:o. 156. — Diagrama of the relations of the cavities and layera in th« rat, 
•hawioK the "invereion" of the germ layers. After Selenka. Median saRittal 
•Mtions. Embryo and amnion, black; ectodermal knob or "trlltter" in light 
lone; endoderm and mesoderm in darker tone. A. Early stage bofore the for- 
matiOQ of the false amnionic cavity. B. Lat« stage ahowins false and true 
unnionic cavities and the interamnionic cavity, a. Amnion; ac. true amnionio 
cavity: c, chorion; E, embryo (anterior end); ea. endodermal rudiment of 
allontois; /, false amnionic cavity; i. interamnionic cavity: m, mesoderm; mo, 
mesoderm of atlantois; n. endoderm; o, Irophoblast (ectoderm); p, anterior 
intestinal portal; ro, rudiment of true amuionic cavity; r/, rudiment of false 
■mmooie cavity;*, marginal sinus; (, '"trager" (ectoderm); y, yolk-sac; vr. yolk- 
sac endoderm; x, amnionic folds. 

over the walls of both the true and tlie false amnionic cavities, 
so that the embryonic ectoderm appears to lie willdn an endo- 
dermal sac (Fig. 156, A), ^^'hen the embryo itself begins to 
be differentiated in the floor of the true amnionic cavity it is 
thus already surrounded by this endodermal layer, and the 
appearance of an inversion of the layers is produced. Con- 
uderation of the entire series of conditions mentioned above 
demonstrates the absence of a true inversion of the germ 
layers. 
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G 



Fig. 157. — Diagrams of the formation of the amnion. After Keibel. A-P. 
in Ruminants, piR, and Mammals, with entypy of the germ. G, H, intheCamiT- 
ora. Black, em!)ryonic ectoderm; heavy stipples, trophoblast; light stipplWi 
endoderm; obli(jue shading, mesoderm. A. Morula. B. Early blastodermic 
vesicle; endoderm limited to embryonic region. C. Formation of cavity in the 
embryonic ectoderm (em!)ryocyst). Extension of the endoderm. D. Embr>'0- 
cyst opening out; em!)r>'onic disc becoming superficial. Endoderm completely 
lining the vesicle. E. Embryonic disc or shield superficial in position (compaw 
H), F. Formation of amnionic folds, primitive streak, and exoccelom. G. E*riy 
carnivor blastodermic vesicle. H. Embr>'onic shield superficial in position (com- 
pare Fig. 154. B.) A later stage would be identical with F. a. Amnionic foldi; 
c. embryocyst; e, exocwlom; p, primitive streak; «, embr>'onic shield. 
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An interesting condition, transitional between the two 
general classes described above, is found in the mole. Here 
spaces form between the ectoderm and the continuous tropho- 
blast, which flow together as in the bat, forming a definite 
amnionic cavity. This cavity is then obliterated by the re- 
fusion of the ectoderm and trophoblast, resulting in a con- 
dition similar to that of the shrew and rabbit. Then the 
superficial cells of the trophoblast disappear, leaving the ecto- 
derm on the surface of the blastodermic vesicle. 

The formation of the amnionic cavity has not been mentioned 
in forms where the embryonic disc becomes superficial in posi- 
tion. In these instances the amnionic cavity is formed in a 
manner entirely different from that described above. Here 
a system of amnionic folds, much like those of the chick, appears 
just outside the embryonic region proper. These folds grow 
Up over the embryo, establishing an amnionic cavity in which 
the embryo is enclosed (Figs. 157, 176). The history of the 
^ninion will be taken up later, in connection with the other 
Embryonic membranes. 

We may consider now the processes leading to the formation 
^f the definitive embryo. To give a comparative account of 
these processes as they occur in the whole group of Mammals 
Xvould carry us far into details, as there is wide variation even 
Xiithin this single class, and we shall, therefore, describe these 
phenomena as they are found in such a form as the rabbit or 
dog, forms whose early history is comparatively well known. 

Of the entire blastodermic vesicle, with its complicated 
associated structures, the only truly embryonic portion is 
found in a restricted portion of the embryonic ectoderm and 
endoderm known as the embryonic shield (Figs. 151-155, 157, 
158, A), (We should note that in the rabbit the endoderm 
does not come to line the entire blastodermic vesicle until a 
relatively late stage, so that throughout early development 
only the upper portion of the vesicle is two-layered.) In the 
xabbit the embryonic shield first becomes visible about the 
£fth day, when the blastodermic vesicle is still spherical and 
only about 1.5 mm. in diameter. By the seventh day the 
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Fm. 158. — A. Surfapo view of embryonic shield of a dog ot thirlpcn to filtw 
days. B. Surface view of embryonic shield ot das sbowiQs niedullirr jA'"- 
lie. Tram Minot (Laboratory Teit-Book of Embryology). A, after BdBM<- 
A.O., Area opara; A. p., area pellueida: Kn„ Hensen's knot or node: IH- 
medullary plate; md.F., medullary furrow; f., pr.i., pHmitive i 
embrjooic shield. 
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embryonic shield forms a well-marked oval thickening about 
1.5X1.0 DMn., the entire vesicle at this time measuring about 
4.5X3.5 mm. 

Sections through the embryonic shield show that it is formed 
largely by a circumscribed thickening of the embryonic ecto- 
derm, three or four cells deep, beneath which the endoderm 
remains only one cell in thickness (Fig. 154). Over the surface 
of the shield the original trophoblast cells (Rauber's layer) are 
no longer distinguishable. Peripherally the shield passes into 
the thinner extra-embryonic ectoderm, or trophoblast of these 
forms. 

The next phase of development is indicated (rabbit, about the 
end of the seventh day, dog, about thirteen to fifteen days) by 
the appearance of a slight opacity toward the middle of the em- 
bryonic shield. This is known as the primitive knot or Hensen's 
node. Usually the primitive knot is eccentric in position, 
toward what proves to be the anterior margin of the shield. 
At about this same time, or even before Hensen's node is dis- 
tinctly visible, an opaque line appears across the shield, extend- 
ing from the node to the posterior margin of the shield, where 
it joins an opaque crescent-shaped region (Fig. 158, A). This 
line is the primitive streaky and usually, along its middle can be 
seen the clearer primitive groove (Figs. 157, F; 159). A little 
later a less distinct opaque Hne may be seen extending a short 
distance forward from Hensen^s node; this is the head process. 

These superficial appearances in the embryonic shield may be 
understood only by the examination of sections. Sections 
across the primitive streak of the rabbit or mole, for instance, 
show that the opacity of the region is due to a very marked 
thickening of the ectoderm, with which is associated the forma- 
tion of the middle layer or mesoderm. A section like that 
illustrated in Fig. 159, A, shows the primitive streak to be a 
region of rapid cell proliferation in the ectoderm. From the 
sides and inner surface of the primitive streak cells are given 
off which gradually take on the arrangement of a definite layer 
quite distinct from the ectoderm, and between the ectoderm 
and endoderm. This is the mesoderm which here, therefore, 
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as in the chick, is in its origin more closely associated with the 
ectoderm than with endoderm. Sections ttirough Hensen's 
node show that this is a region of thickened ectoderm and 
mesoderm, less clearly differentiated from one another than in 
the primitive streak region. The endoderm, however, is not 
fused with the other cells, as it is in the chick. And in front 




Fio. 150. — A. Transverse section throUBh the primitive streak of the molf 

B, TranHverse srpliixi through a human embryo of 1.54 mm. (Graf von gpe-c'a 
Enibrj-o GU.) From Minot (Laboratory Teit-book of Embryology, after Heai* 
lAj, and Graf von Spce (B). ch. Notoehord; ct. somatic: mesoderm: if, eplhacb- 
Dic mesoderm; Ec, tk. ectoderm; en. En, endoderm; /, dorsal furrow; g, juDctioD 
of extru-enibr^'onic somalic and tsptanehnic mesoderm; me. ma, mesoderm: p, 
rudiment of emhryonie ctrlom; p.gr., primitive groove; Pr, primitive streak. 

of Honsen's node, in the region of the liead process, mesoderm 
\n pre.sent, though entirely separate from the ectoderm, indicat- 
ing its origin from the region of Hensen's node and not directly 
from the ectoderm of the head process region. 

Later on conditions are found which make possible very closf 
comparison between the primitive streak and associated 8tn)^ 
turcs of tlie Mammal with those of the chick. Within the heaJ 
process, or in the region of Hensen's node, a rearrangemeol of 
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cells produces a small cavity known as the notocJiordal canal. 
This varies greatly in extent. In such forms as the guinea-pig 
and bat, the canal is comparatively long, extending from Hen- 
sen's node, where it opens upon the surface by a definite per- 




Fio. 160, — A. Ssftittat seclion through tho embryonic ahiold of the hedgchoK, 
ihowing the transitory blast oporo. After Hubreclit. B. Pusterior part o( a 
■BKitta] aecljoa through the embryonic disc of the mole. C. DiBRram of a 
■agittal BecCioQ through Che emhryooic disc of tho mole. From McMurrich 
(Development of the Human Body), after Heape. am. Amnion; W, blastopore; 
w, chorda endoderm; er, ectoderm; en, endoderm; nr. neurenteric canal; prm, 
pToetomial mesoderm; pi, primitive streak; t, trophodemi. 



foration through the ectoderm, anteriorly and ventrally, 
finally either opening through the endoderm into the cavity 
of the endodcrmal vesicle (Fig. IGO, C), or simply ending blindly 
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among the cells of the head process. In other forms, such as 
the sheep, pig, or hedgehog, and m man, the notochordal canal 
is simply a vertical perforation through the embryonic layers, 
connecting the cavity of the endodermal vesicle directly with 
the outside (amnionic cavity) (Figs. 160, A; 161, D). And in 
still other forms the canal may never quite perforate the layers 
of the shield (mole) ; or it may be reduced to a simple groove 
on the lower surface of the shield (rabbit, Fig. 160, B). 

Sections through the notochordal canal reveal an arrange- 
ment of the germ layers which is practically that found aroimd 
the more typical blastopore of the yolk-filled egg. In this 
region the layers are continuous with one another and the primi- 
tive groove may be deepened into a sort of "primitive pit" 
(compare chick). Altogether then we may recognize in the 
primitive streak of the Mammal the essential equivalent of the 
similarly named structure in the Sauropsida. The notochor- 
dal canal therefore becomes the modified equivalent of the 
blastoporal remains. 

When the notochordal canal has the form of a simple perfora- 
tion it may therefore correctly be termed the neurenteric canal, 
marking the posterior limit of the embryonic rudiment. The 
primitive streak, representing the modified and fused blasto- 
poral lips, is here, as in the chick, a region from w^hich th 
structures of the embryo are derived and differentiated in th 
antero-posterior direction, again much as in the chick. 

All details regarding the formation of the embryonic lay 




and organs are to be omitted from the present accoimt. T 
must suffice to say that a typical medullary plate is formed^ j 
medullary folds appear and fuse, forming a neural tube (Fig^ . 
158, B; 159, B). A typical notochord is diflferentiated, ruim- 
ning forward from the primitive knot. The mesodermal laye^r 
rapidly extends laterally from the axial region, finally passing 
widely beyond the embryonic region and taking a very impor- 
tant part in the development of the extra-embryonic structures. 
The mesodermal sheet is very early split into somatic anJ 
splanchnic layers by the apf)earance of a ccelomic cavity, both 
embryonic and extra-embrvonic. 
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III. THE DEVELOPMENT OF THE EXTERNAL FORM 

OF THE HUMAN EMBRYO 

The earliest phases in the development of the human organ- 
ism, up to the formation of the primitive streak, are not known 
at all, and it is not until the medullary plate stage is reached 
that the structiu^e of the human embryo is fully known. 
Scarcely half a dozen embryos younger than this have been 
described. It is clear, however, that the processes leading to 
the formation of the embryonic layers, the amnionic cavity, 
etc.f are in general similar to those found among the rat, mouse 
and bat. That is, the amnionic cavity is formed by delamina- 
tion, between the continuous trophoblast and the embryonic 
ectoderm. The endodermal vesicle is much smaller than the 
ectodermal trophoblastic vesicle, leaving a wide space between 
the two layers- (Fig. 161). When the mesoderm forms it ex- 
tends rapidly through the extra-embryonic region of the blasto- 
dermic vesicle, one layer (somatic) applied to the inner surface 
of the trophoblast, the other (splanchnic) applied to the outer 
surface of the endodermal vesicle, so that the large cavity of the 
blastodermic vesicle becomes, in effect, an extra-embryonic 
ccelomic space. The layer of endoderm with the splanchnic 
mesoderm is at first the yolk-sac, although of coiu^se entirely 
yolkless, while the ectodermal trophoblast with the somatic 
mesoderm forms the chorion. (Further reference to the chorion, 
as well as to the amnion and the allantois, is deferred until a 
later section.) 

The reader should note that students of mammalian develojH 
ment use the term "ovum" to designate any early stage in 
development. In this connection the "ovum" includes not 
only the embryo proper, but also all of the associated struct- 
xires of the blastodermic vesicle. 

As the embryo enlarges, its posterior end remains attached 
to the inner surface of the trophoblastic wall by a mass of meso- 
derm cells. This attachment is known as the body sialk or 
belly stalk. Sections through an early embryo would give, 
therefore, the appearance shown in Figs. 161, D; 179, A, B. 
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Fia. inl. — Dineranifl nl 
v«irle. shnwiiie thp form 
Eeibel sod F.lie. E. Kro 



Hneilldl Berlions throuicb tfie huntai: 
Llion of the smmnti and trophod^mi. 
n MrMurrirh (Dcvt^lopnieiil of the i 
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A slightly later stage is shown in sagittal section in Fig. 161, E. 
At this time the embryo (Graf Spee's embryo G'te) measures 
1,54 mm, in length by about 0.7 mm, in greatest breadth, while 
the entire vesicle ("ovum") is approximately 10 mm. in di- 
ameter. Its dorsal surface is occupied by the large neural 
pl&te, with a distinct neural groove. Toward the posterior end 





Pio. 162. — Young human embryos. After Keibel and Elio. A Kelbd and 
Elie'B Embryo Klb, X 25. B. KollmaDii'ii Embryo BaUe, X M For do- 
Kiiptioa. see teit. 

is the small neurentcric canal, behind which may be seen a short 
primitive streak aud groove. A short thick body stalk attaches 
the embryo to the chorionic wall of the blastodermic vesicle. 
The wall of the ovoid yolk-sac, whose diameters are about 
equal to the length of the whole embryo, is already quite 

ifMr Graf voo Spee. In alt the fieurcs the anterior end is toward the [eft 
Black, embryonic ectoderm; heavy stippIcA, trophoblaat and trophoderm; light 
(tipples, endodBrni; oblique ruling, mesoderm. A. Hypothetical earLy stage; 
mesoderm a solid mass. B. Amnionic cavity and wide exopceloni established; 
eadoderm limited to a small veaifle beneath the embryonic ectoderm. The 
eiocielom in reality contains Bcattered mesenchyme cells. C. Blaalodermic vesi- 
cle enlarged and covered with trophodermic villi, into which the mesoderm is ex- 
tending. Endodermic vesicle (yolk-sac) very small (Btage of Peter's ovum). 
D. Embryonic portion only, of an older vesicle showing the neurentcric canal. 
primitive streak (in the plane of the aection), and body stalk. The mesoderm 
of the yolk-SBC la becoming vascular. £, Sagittal section throuRb tho human 
embryo of 1.54 mm. (Graf von Spee's embryo Gtt). a, Amnionio cavilj-; o'. 
■llantois; oin. amnioD; B. body stalk: ch, chorion: p. eioccelom; k, heart region; 
Ic canal; V, chorionic villi; Y, yolk-sac. 
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vascular. The notochord is distinctly differentiated posteriorly, 
and the embryonic mesoderm is only incompletely separated 
into somatic and splanchnic layers (Fig. 159, B), although in 
the extra-embryonic region there is a very wide coelom. 

A sagittal section through this embryo shows that it is some- 
what arched over the dorsal surface of the yolk-sac, and that an 
endodermal outgrowth, the rudiment of the allantois, is extend- 
ing into the mesoderm of the body stalk (Fig. 161, E). 

Shortly after this, in an embryo measuring 1.8 X 0.9 nmi. 
(Keibel and Elze's embryo Klb.) the neural folds become very 
prominently elevated and the head and tail regions project 
slightly above the surface of the yolk-sac, as shown in Fig. 
162, A. This figure shows also the persistent neurenteric 
canal, and the very short primitive streak. Five or six pairs 
of mesodermal somites are now present. 

The head region now commences to enlarge rapidly although, 
the neural groove is still open. Li an embryo of 2.36 nun^ 
length (Kollmann's embryo, Bulle) illustrated in Fig. 162, R ^ 
the body is concavely arched toward the yolk-sac, while th^ 
head and tail regions show distinct downward flexures. Tim.^ 
elementary divisions of the brain are already indicated, and th^c 
fore-brain is protecting downward from the anterior end of tlxe 
neural axis. Though not shown in the figure the paired rudi- 
ment of the heart is present. About fifteen pairs of somites 
are visible externally. 

As the embryo now begins to elongate rapidly it becomes 
clearly folded off from the extra-embryonic structures, and tie 
opening of the yolk-sac out of the endodermal gut cavity of the 
embryo becomes relatively, though not actually, narrower. 
The yolk-sac thus appears to be attached to the embryo proper 
by a narrow stalk, the yolk stalky the connection of which, with 
the embryo, is the yolk stalk umbilicus. 

By the time the embryo reaches a length of 2.5 mm. (KoU- 
mann^s embryo, 2.o mm,, age given as thirteen to fourteen da)'s, 
but probably much older) the high neural folds have begun to 
close together posteriorly (Fig. 163). The head region is con- 
siderably enlarged and extends do\vnward in front of the heart, 
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which is now very large and clearly difTerentiated into regions 
by the development of flexures. 

The length of the embryo now affords a very unsatisfactory 
index of the age or degree of development on account of the 
considerable variabihty, and because of the bendings which 
appear in the longitudinal axis. Apparently, shortly after 
this time, the body becomes sharply bent downward into a 
U-fonn just opposite the umbilicus, producing what has been 
called the dorsal flexure. That this is entirely normal is, 
however, still open to (juestion. 




Tla 163 — HumaD eiobryo of thirteeo or rourteen dajB From Mioot 
(Labartktory Text-book of EmbryoloRy) after Kollniann Al Body Btalk; 
Am, amnion HI heart Md mnlullar} groove iS; seicnth somite Ykt yolk- 



Figure 164 illustrates an embryo, enclosed in the amnion 
and with yolk-sac attached, whose length, in a straiglit line, is 
2.6 mm. and whose age was ori^ally estimated at eighteen 
to twenty-one days, though very probably it was approximately 
one month (His's embryo, M). The entire blastodermic vesicle 
or chorionic vesicle ("ovum") still measures approximately 
10 mm, in diameter. This embryo sliows many imjjortant 
advances. No trace of the dorsal flexure remains, while both 
the anterior and posterior extremities of tlie embryo are now 
bent downward and inward, Tlie body is also sliglitly twisted 
80 that the head lies toward the left, the tail toward tlie right 
(the direction of this twisting Is not fixed, for in other embr)'03 
it may be in tlie opposite direction). The yolk-sac is some- 
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what shrunken and elongated, and the yolk stalk is clearly 
distinguishable. Topographically the most anterior part of the 
embryo is formed by the mid-brain, beneath which the fore- 
brain is now folded back toward the heart. The heart is very 
prominent and on the sides of tlie neck region three pairs of 
gill clefts are indicated, decreasing in size posteriorly. Four 
pairs of visceral arches (mandibular, hyoid, two branchial) are 
thus marked out, and the most anterior (mandibular) already 
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Fia. 164.— Human embryo of 2.6 mm. From Minot (Laboratory Teit-bwlt 
of Embn'oloei'), after His. The embryo ia enctoaed in the amnion and ahon 
[he maxillary and mandibular proceaHes, the nidimenta of three gill eieft*. inil 
the large heart. The laree yotk-sac extends ventrally, while posterior lo its orifui 
the root of the body stalk is shown turned dorsally. 

shows signs of its transverse division into upper and lower 
|)ortions, the maxillary and mandibular processes. Lat«r a 
fourth cleft and fifth arch are indicated. Of course in the 
Mammal actual gill clefts are not present as perforations; the 
so-called clefts are vestigial structures and, excepting the first, 
merely form superficial grooves, opposite corresponding pockets 
out of the pharyngeal cavity. An anterior depression, the 
oral sinus (stomoda^um) between the mandibular arches, marks 
the position of the future mouth, which is perforated ^■e^y 
shortly after this time. 
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Just a few words may be added concerning the internal 
structure of this embryo (Fig. 165). Tlie slender notochord 
extends the entire length of the body and tail. Optic vesicles 
are distinct and the otocysts are entirely closed off below the 
Burfaee, The expanded pliaryiix shows an anterior hypo- 
physial outgrowth, in addition 
to the lateral branchial pockets. 
A small rudiment of the lung 
ia indicated, and at the pos- 
terior end of the narrowed 
cesophagus the liver rudiment 
ia well marked. Posterior to 
this the gut is open into the 
yolk-sac by way of the yolk 
stalk, and continuing poster- 
iorly from this is the narrow 
intestine, which, near its ex- 
tremity, sends a small allan- 
toic outgrowth into the body 
stalk. Rudiments of tlie 
mesonephros (Wolffian body) 
and its duct are slightly in- 
dicated. 

The vascular system ia very 

well developed. Opening into 164). From Mlnot (Laboratory Xext- 




A, 



there are, the paired ducttis ; 
Cuvieri, formed by anterior t 



mb of heart. All, body Htalk; 
, dorsal aorla; Au, umbilical arler- 
; Car, posterior cardinal x-oin; Je. an- 
ior cardinal vein (jugulat vein). Om, 

•nd posterior cardinal vein,, Zft'^SSS'' yTSi°ii.lu:i 
the paired vitelline or omphalo- vein. 
mesenteric veins, coming from 

the yolk-sac by way of the yolk stalk, and the paired allantoic 
or umbilical veins coming from the allantoic region by way of 
the body stalk. Opening out of the anterior end of the heart 
is the ventral aorta, which immediately divides into right and 
left halves from each of whicli arise five aortic arches passing 
through the visceral arches to the dorsal aide of the pharynx, 




406 OUTLINES OF CHORDATE DEVELOPMENT 

where they reunite into the dorsal aorta. A small anterior 
carotid artery appears a little later. From the dorsal aorta is 
given off a pair of small 
vitelline artenes supply - 
rng the yolk-sac, while 
posteriorly the dorsal 
aorta divides mto a pair 
of umbihcal or allantoic 
artenes, passmg through 
the body stalk and sup- 
plymg the allantois 

As the head now en- 
larges rapidly a n ell- 
marked flexure (cer\ ical 
F,= IM-H,.«„ ™Ir,. ot .bou. flexure) appem just back 

twenty three daja (4 rom ) Prom Minot of the gill cleft region, 

(Laboratory Text-book of Embryologi). _ i_ -i ,i • ,. 

after His (Embrjo a), al. Fore-limb bud; «'hue through the entire 

as. body atttlk; Op, optic vraicle: pi, hind- bQ(]y jmJ t^jl ^ gtronelv 
limb bud; IV. fourth ventricle of brain; 1. , , 

mandibular procesa; 2. hyoid arch; 3, 4, third marked CUTVature ap 

and fourth viBcprai arches. ji, . l j ^ 

pears, so that head antm. 
tail are almost brought in contact, and the entire embryo }<=^ 
almost circular in general 
outline (Fig. 166). The fore- 
and hind-limb buds have ap- 
peared a.s low, extended ele 
vations, and the abdominal 
region is becoming promi 
ncnt on account of the 
growth of the liver and 
other VLsccra. Tlie \entral 
body wall now becomes more 
completely closed together 
and tlie tissues (somatopleu 
ral) at the base of the bodj 
stalk grow forward enclosing 

the root of the J'olk stalk for Fig. 167.— Human embryoofaboulM 
, , ,. . ... mm. Aflpr Hochstetter, X 6 !/i 

a short distance, so that a For description see te.l. 
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single stalk from the embryo now carries both the yolk stalk 
and the allantoic stalk. This is known as the umbilical stalk 
or cord, and its attachment to the embryo is the umbilicus. 
intimately the entire yolk stalk becomes enclosed in the um- 
bilical cord, and the yolk-sac itself is surrounded by the tis- 
sues of the placenta as described below. 

Up to this time the correlation between age and size of the 
embryo is very uncertain. According to the careful studies of 
Mall the ages of most of the early embryos have been under- 
estimated, and it is very probable that the events thus far 
described have occupied about the first month of development. 
From this time on, however, the age of the human embryo is 
more certainly determined. 

During the sixth week of development the embryo measures 
9.0-10.0 nmi. in a straight line drawn from the apex of the 
mid-brain to the sacral flexure or rump ("crown-rump'' 
length) (Fig. 167). The head, still the largest part of the 
embryo, is beginning to be elevated on account of the straight- 
ening out of the cervical flexure, and the whole body shows 
considerably less curvature than before. A lense has been 
formed opposite the small optic vesicle, and a pair of well- 
marked olfactory pits has appeared on the under side of the 
head, in front of the maxillary processes. Both maxillary and 
mandibular processes are more prominent, while the posterior 
visceral arches and clefts have become sunk in a depression, 
the margins of which have nearly closed together forming a 
cavity below the surface knowTi as the cervical sinus. The 
most anterior gill cleft (hyomandibular) is not included in this 
cervical sinus, but in part remams on the surface of the neck, as 
the rudiment of the external auditory meatus. The cervical sinus 
later disappears entirely, along with the posterior gill clefts. 

The ventral body region is still protuberant, and anteriorly 
three elevations can often be observed, marking the under- 
lying auricle, ventricle, and liver. The limbs are somewhat 
elongated, and the fore-limbs, whicli are always in a more 
advanced stage than the hind-limbs, show some indications of 
differentiation of the hand. The umbilical cord is elongating 
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and the tail has reached nearly to the condition of its greatest 
development. 

The further development of the general bodDy topography 
may be sketched very briefly with the aid of the accompanying 
figures (Figs. 168, 169, 170). During the latter part of the 
second month (Fig. 169) the head continues to be elevated 
rapidly, and the body to strai^ten. The head is now at it« 




greatest relative .size, constituting about 45 per cent, of the 
total weight of the embryo (Jackson). The pinna of the ear 
is formed from ehtvations of the first and second visceral arches 
around the external auditory meatus. The rudiments of the 
eye arc fully established and the eyelids are formed. The 
ventral body wall still remains protuberant. The proximal 
end of tlio umbilical cord becomes considerably expanded, and 
into its extra-embryonic coclomic cavity extend several coik of 
the embryonic intestine and even a portion of the liver. Thia 
characteristic extension of the intestine (intestinal hernia) 
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reaches its maximum during the second month. The intestine 
is rapidly withdrawn later and at about nine or ten weeks is 
completely retracted into the embryonic body cavity. Beyond 
this expanded region the umbilical cord is conBiderably elon- 
gated and begins to show its characteristic spiral twisting. The 
yolk stalk is correspondingly elongated and now loses its 
endodermal cavity. 




s days). AfMr Minot, 

The limbs grow rapidly during this month ; they become dif- 
ferentiated into their three chief regions, and in the hand and 
foot the digits become clearly differentiated (Figs. 168, 169). 
By the end of this month the limbs project beyond the outlines 
of the body. The tail gradually recedes and by the time tlie 
embryo is two months old is scarcely visible externally. Tlie 
structures of the facial region develop rapidly during this 
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month (see below), and at its close the embryo acquires a 
distinctly " human " aspect and is generally known as a " foetus" 
in distinction from the earlier "embryo." 





Fio. 170. — Outlines of human embryos of 106 to 110 days (118 to 120 mm). 
From Minot (Laboratory Text^book of Embryology). The figure to the left 
shows the most frequent position of the embryo in utero; that to the right shows 
the position assumed when removed from the embryonic membranes. 

The external form changes now become relatively slower. The 
outluies of the head become more rounded; the facial characters 
are more fully established; the eyelids close together. The 
abdominal region recedes, the limbs become slender, elongated, 
and flexed. The foetus is in a position of constraint within the 
uterus, as shown in Fig. 170 from Minot. 
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The general changes in size and weight of the embryo and 
foetus during the entire intra-uterine period are summarized in 
the accompanying table. 

TABLE SHOWING THE AVERAGE WEIGHT AND LENGTH OF 

THE HUMAN EMBRYO AND FCETUS. 

Compiled from Jackson {weight) and Mall (length). (The column headed 
CH gives the length as measured in a straight line from the crown of the head 
to the heel; that marked CR gives the **sitting height/' or length from the 
crown to rump or sacral flexure.) 



length 



Weight 



CH 



CR 



Ovum (estimated). 

28 days. 

56 days. 

S4 days. 
112 days. 
140 days. 
168 days. 
196 days. 
224 days. 
252 days. 
270 days. 
280 days. 



. 000004 grm. 

0.04* 

3.0 

36.0 

120.0 

330.0 

600.0 

1000.0 

1500.0 

2200.0 

3200.0 







2. 5 mm. 


2.5 mm. 


30.0 


25.0 


98.0 


68.0 


180.0 


121.0 


250.0 


167.0 


315.0 


210.0 


371.0 


245.0 


425.0 


284.0 


470.0 


316.0 


500.0 


336 . 



Before leaving tlie subject of tlic development of external 
form we should add a few details regarding the development 
of the facial cliaractcrlstics and of the external genitalia. 

THE DEVELOPMENT OF THE FACE 

We may take as our starting point here, a stage of 2.6 mm. 
(probably about thirty days) already described and figured 
(Fig. 164). At this time the first gill cleft is unreduced, the 
otocyst is not yet closed, and the optic vesicles are entirely lateral 
in position. The fore-brain region hangs down over the deep 



* Age probably underestimated. 
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oral sinus (stomodseum), the floor of which is still formed by 
the imperforate oral membrane. Within the next few days this 
membrane becomes perforated by the mouth opening. The 
oral sinus is bordered posteriorly by the mandibular processes, 
which do not quite meet in the mid-line, and antero-laterally 
by the maxillary processes, which are widely separated medially, 
the interval being occupied by the frontal process, a ridge over 
the surface of the fore-brain. 





Fio. 171. — Early stages in the development of the head and face. AFC«r 
Rabl. A. Head of a human embryo of 8.3 mm., seen from in front (ventrallyj. 
B. Head of human embryo of about 12 mm., seen from in front. For explanation 
see text. 

An important advance is to be seen in the development of 
the olfactory pits, which appear at the ends of the frontal 
process. Bordering the olfactory pits are inner or medial 
and outer or lateral elevations or olfactory processes (Fig. 171, 
A). The maxillary and mandibular processes are now closer 
together so that the opening of the oral sinus (now called the 
mouth) becomes a transversely elongated slit. 

In the embryo of the fifth to sixth week (Fig. 171, B) the 
olfactory pits have deepened and have moved in toward the 
mid-line, thus separating the mouth from the fore-brain or 
forehead region. At the same time the medial and lateral 
olfactory processes become more prominent, and the former are 



I 
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uniting with the maxillary processes of the first visceral arch 
to form the rudiments of the upper jaw and lip. The man- 
dibular processes are still separated medially by a groove. 
During the sixth week the eyes become visible from in front, 




Fio. 17a.— Thedevelopni. 
4. ISmm.embrya, X4. B, 25' mm. cml.ry 
O. 117 mm. embryo, X4/5. For eiploQati 

the Upper Up begins to enlarge though still indented medially, 
the mandibular processes fuse completely forming the com- 
pleted rudiment of the lower lip and jaw, and the chin appears. 
The medial olfactory processes {globular processes) soon fuse 
together forming the nasal septum (I'ig. 172, A), and the nose 
becomes slightly marked off from the forehead by a groove. 
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The chin gradually enlarges, and the lips, now both complete 
medially, continue to enlarge (seventh week). At about eight 
weeks (Fig. 172, B) the eyelids are forming, and the eyes, now 
rapidly approaching one another, are separated from the fore- 
head by oblique supraorbital folds. The ears now are marked 
by well-developed pinna, but still lie far down toward the neck, 
below the level of the mouth. The mouth is less extended 
transversely and the nose is completely separated from the 
forehead. 

During the next week or ten days (Fig. 172, C), the eyelids 
close, the eyes move closer together, and the height of the fore- 
head increases. Tlie nose, though still very broad, begins to 
project slightly, and the external nares become temporarily 
closed by epidermal proliferations. The ear gains a somewhat 
higher position. The mouth is smaller, the lips thinner, and 
the lower jaw quite prominent. During the third month (Fig. 
172, D), the pinna reaches nearly its adult position, the nose 
projects markedly, the lips, especially the upper, become thin- 
ner and protruded, and the essentials of the adult physiognomy 
are fairly established. 

THE DEVELOPMENT OF THE EXTERNAL GENITALIA 

The end of the gut posterior to the origin of the allantois 
(see below) forms the dilated cloaca, which is separated from 
the surface of the body by a thin portion of the body wall 
known as the cloacal membrane (Fig. 173, A). This membrane 
is later dei)ressed below the surface of the body, at the bottom 
of a shallow depression (proctodjeum). The cloacal ca\'ity 
becomes divided into a ventral portion, the urinogenital sinus, 
recei\ang the openings of the excretory and reproductive ducts 
and the allantois, and the rectal portion. The cloacal mem- 
brane is correspondingly divided into the urinogenital mem- 
brane and the anal membrane^ the two being separated by a 
narrow bridge of tissue forming the perineal rudiment. 

In order to find the earliest traces of the external genitalia, 
we must go back to the embryo of the early part of the second 
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month. Here we find a pair of ridges, either side of the cloacal 
membrane (Fig. 173, A), which gradually fuae and enlarge 
anteriorly, forming, toward the close of this month, a distinct 
doacal tvbercle. The urinogenital membrane is perforated 




Fio. 173. — The devdopmeDt ol the eiternal genitalia. A After Keib«I. 
S-E, A/ter Felix, from Meyer. A. Model of the cloacal region of a human 
embryo of 3 mm. B. Ventral view of the caudal eod of a human embryo of 

18 mm. r. Same of 28 mm. Indifferent stage D bame of 32 Smni Female. 
£. Same of three and oue-halF months. Male a Anal oi>emng g genital Tidge; 
gt, glans clitoridja; gp, glans penis; h, hind limh im labia majors m, cloaeal 
membrane; ms, median Bcrotol rudiment; p phallus r cloacal ridge i scrotal 
ridge; (. coccygeal tubercle; u, umbilical cord (in A umbilicus ) ug unnogemtal 
aperture. 



about this time by the urinogenital aperture. (The time at 
which the anal opening is formed is quite variable, but usually 
ia also toward the close of the second month.) 

Upon the cloacal tubercle, and toward its posterior or anal 
side, there grows out quite rapidly a definitely circumscribed 
process called, at this stage, the pkalliis (Fig, 173, B). The 
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remainder of the eloacal tubercle, at the base of the phallus and 
mostly anterior and lateral to it, is now known as the genital 
tyberde. The urinogenital aperture is continued forward upon 
the posterior (ventral) surface of the phallus as a narrow groove, 
the lateral margins of which are somewhat elevated as the 
genital folds, which gradually enlarge and so reduce the urino- 
genital aperture to a narrow elongated slit. 

By the beginning of the third month (Fig. 173, C) the phallus 
has enlarged considerably, and its extremity has dilated as the 
rudiment of the glans. Lateral to each genital fold a second, 
larger ridge, the genital swelling, has appeared. This marks the 
end of the so-called indifferent period, during which there is 
but very slight external differentiation between the sexes. As 
a matter of fact, the sex of the individual is determined at the 
time of fertilization, and even during the latter part of this 
"indifferent period" the female embryo can be distinguished 
by the presence of a groove around the base of the phallus, 
which is lacking in the male. 

The later development may be sketched very briefly. In 
the female, where the modifications are less extensive, the 
glans and the anterior (oral) portion of the phallus are trans- 
formed into the ditoris (Fig. 173, D), while the posterior 
(anal) portion of the phallus together with the lateral margins 
of the urinogenital aperture, become the labia minora. The 
labia majora are formed from the genital swelhng and the 
genital tubercle (basal portion of the eloacal tubercle). 

In the male (Fig. 173, E), the entire phallus is transformed 
into the penis, composed of the glans plus the shaft, the pos- 
terior (anal) portion of which is therefore equivalent to the labia 
minora. The anterior extension of the urinogenital aperture 
upon the male phallus is enclosed by the fusion of the genital 
folds and so added to the lower part of the urethra. The 
genital swellings in part fuse and are transformed into the 
scrotal sac, and in part disappear, to be replaced by other 
scrotal sivellings which form the remainder of the scrotal sac 
The essentials in the history of the external genitalia may be 
summarized as follows 
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Indifferent Period 



Female 



Early Late 

Urinogenital aperture 



] Anterior 
Genital Genital [portion 



Qoacal 
tubercle 



tubercle swelling [ Lateral 

J portions 



Phallus 



f Glans 

Anterior 

( portion ' 
Genital folds 



Vestibule 

Mons Veneris ' 
Labia majora . 

Clitoris 

Labia minora 



Male 



Terminal portion uretlira 



In part, portion of 

scrotal sa« 
In part, replaced by 

scrotal swellings , 



Scrotal 
sac 



Glans and anterior ' 
portion shaft 



Posterior portion 
shaft 



Penis 



IV. THE EMBRYONIC MEMBRANES AND APPEND- 
AGES OF THE EUTHERIAN MAMMALS 

Scattered references have been made in the preceding pages 
to various details regarding the development of the amnion, 
the chorion, the allantois, and yolk-sac, and we must now give, 
possibly with some repetition, a more connected, though brief, 
account of the development of these structures. There is in 
general a remarkable similarity between the early history of 
the embryonic appendages of the Mammals and those of the 
Sauropsida, a similarity that is the more remarkable when the 
eggs of the two groups are compared. As mentioned in the 
introductory paragraphs of this chapter, these similarities are 
to be explained upon an historical basis, that of relationship 
through descent. But while there is, in the early stages, such 
close agreement between Mammal and Sauropsid, in these re- 
spects, during their later history, these mammalian membranes 
undergo profound changes in function associated with the intra- 
uterine development of the embryo and the consequent sub- 
stitution, as a source of nutritive substance, of the maternal 
tissues in place of the intra-oval yolk-mass or albuminous egg 
membranes of the Sauropsida. 

In the chick the amnion serves, among other functions, to 
protect the embryo from drying and from the deforming pres- 
sure of the rigid shell; the yolk-sac contains a large part of 
the food substance for the developing embryo; the allantoic 



418 OUTLINES OF CHORDATE DEVELOPMENT 

wall is the embryonic respiratory organ, while its cavity serves 
as an excretory reservoir; and the chorion (serosa) appears to 
have little, if any, physiological importance. In the Mammal 
this is all changed. The anmion is a membrane of secondary 
protective importance; the yolkless yolk-sac is a vestigial organ, 
often of little functional value; the allantois loses its respiratory 
and excretory significance and is usually concerned in relating 
the embryo to the source of its food supply; while the chorion, 
either as a whole or in part, becomes the chief organ concerned 
in the exchange of nutritive materials and excreted substances 
between the embryo and the maternal uterine circulation. 

These characteristic relations of the mammalian embryonic 
membranes do not appear in this group in a fully established 
condition; there is, on the contrary, a long series of intermediate 
conditions, transitional in almost every respect, between the 
Sauropsid condition and that found in the highest Manmials, 
the Primates, where these relations are most highly developed. 
It is a familiar fact that in the lowest Mammals, the Prototheria 
(Monotremata or Ornithodelphia) including only the genera 
OrmthorhynchitSj Echidna^ and Proechidna^ essentially Sauropsid 
conditions obtain here, as well as in so many morphological 
and physiological characteristics of the adults. Here the de- 
veloping embryo has no organic relation with the mother, for 
the fully formed eggs are deposited outside the body of the 
parent, either in an integumentary fold (Echidna), or in a 
**nesf (Omithorhynchus) y where the young develop indepen- 
dently, enclosed within a tough parchment-like egg shell. Usu- 
ally only a single egg is produced at one time in Echidna, while 
Omithorhynchus normally produces two at a time. The eggs 
too are reptilian in character, much larger than any other 
mammalian egg, and yolk laden. As laid, they measure about 
15-16.5x12-13 mm. (in Echidna)] the egg cell proper, as it 
leaves the ovary is, of course, smaller than this, but even so 
is much larger than the egg cell of the higher Mammals, being 
3.0-4.0 mm. in diameter in Echidna, 2.5 nma. in Omithorhynchus. 

Among the Metatheria (Didelphia or Marsupialia) many of 
the typical mammalian conditions are found. The ova, though 
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commonly somewhat larger than in the higher Mammals, are 
sometimes of no greater size. The embryo has a brief intra- 
uterine period of development, during which nutritive relations 
are estabUshed with the uterine wall by means of the surface of 
the chorion, which, however, retains its originally smooth sur- 
face and merely comes closely into contact with the vascular 
uterine epithelium, without acquiring a close organic union. 
The yolk-sac is very large in these forms and underlies nearly 
the entire chorion (serosa). Nutritive substances from the 
maternal circulation may thus pass, with some difficulty, 
through the chorion and the wall of the yolk-sac, into the blood 
of the latter. 

Conditions suggestive of the higher Mammals are by no means 
lacking, however, for in Dasyurus (Hill) the yolk-sac in certain 
areas becomes very vascular and forms a close relation wdth 
the uterine wall. The ectoderm cells of the chorion, between 
the two, aid in establishing tliis relation between the maternal 
and the embryonic blood, a relation which is very different from 
the mere contact relation of the typical Metatheria. And in 
Perameles (Hill) the allantois takes up a similar relation with 
the uterine mucosa, sending into the latter well-developed 
vascular outgrowths (Fig. 174). We have here then, a con- 
dition that in many respects resembles closely the relation 
found in many of the "placentar' Mammals. Indeed, these 
structures are known as the "yolk-sac" and the "allantoic 
placenta" respectively. 

Among the remaining Mammalian orders, or Eutheria (Mono- 
delphia or Placentalia), there is the greatest diversity in the 
mode and degree of the relation between embryonic membranes 
and appendages, and the uterine wall, or, in other words, in 
the character of the placentation. In the simpler cases (pig, 
horse, and many others) the relation is much like that described 
in Perameles in its essentials, while in the more highly speciaUzed 
instances (apes and man) the relation becomes very complex, 
involving considerable modification of what is regarded as the 
typical arrangement of the embryonic appendages. Between 
these two extremes there is the greatest variety of conditions 
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of placentation, which frequently do not parallel the usual 
ordinal classification, so that even within a single order (e.g., 
Ungulata, Primates) there may be divergences which con- 
siderably exceed the range of the morphological traits upon 
which the orders are based. 

Before attempting to describe any of the actual details of the 
structure and development of the placenta, we must give a 



Fio. 174.— Diaaram of the arrangement of the fcetal membraoM in the 
Marsupial, Peramelci. From Hill. The ectoderm is reprcBented by a light coB- 
tinuoua lino, the endoderni by a dotted line, and the meBoderni by a heavy line, 
omn, Amnion: all. c, allantoic cavity: all. mri.. allanto-ohorionic meaenchyni*; 
all. >., allantoic stalk: bit. ompk.. ectodermal and endodermal wall of yolk-«H; 
ch.. niBTgin of true chorion: ea., eioccelom: ca. is., inner wail of allantois: proa, r., 
persiatinK remnant of proamnion: 1. 1.. sinus terminal is; vote, ompk.. three-layeied 
portion of yolk-sac wall; y. c„ cavity of yolk-sac: v- >pl" invagiDBt«d splancbDO- 
pleural wall of yolk-sac. 



general outline of the ontogenetic history of tlie embryonic 
membranes and appendages. We may consider first the 
method by wliich the young embryo or "ovum" (blasto- 
dermic vesicle) effects its primary relation with the uterine 
wall. In the remaining pages it is understood that what is 
said is limited to the Eutheria. 
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1. Implantation 

Through the process of menstruation, or prooestrous, its 
equivalent in the lower Mammals, the mucous membrane 
lining the uterus is kept in an active, wholly Uving condition, 
and as the ovum or blastodermic vesicle enters this cavity it 
almost immediately becomes attached or implanted upon the 
wall. It may become superficially attached to the wall of 
the main uterine cavity, so that as it grows it projects freely 
into the lumen of the uterus; this is known as central implanta- 
tion and is found in the Ungulates and Carnivors, the lower 
Primates and some Rodents such as the rabbit. In other 
forms the vesicle may come to lie in a furrow or groove in the 
uterine wall, which is then closed off from the main cavity by 
the fusion of the margins of the furrow, enclosing the vesicle. 
This is eccentric implantation and is found in such forms as 
the mouse and some Insectivors. Or the vesicle may burrow 
into the substance of the mucous membrane lining the uterus, 
the mucosa then closing together over the point of entrance, 
as in man and some Rodents, such as the guinea pig and the 
gopher. This type of implantation is known as interstitial. 

The structure primarily concerned in effecting this early 
connection between the vesicle and the uterine mucosa is the 
trophoblast (Hubrecht). We have already described the forma- 
tion of this superficial layer of ectoderm cells which covers the 
entire blastodermic vesicle as this passes down the oviduct 
and enters the uterus (Figs. 154, A; 175). The trophoblast 
may remain for a short time the only component of the periph- 
eral wall of the blastodermic vesicle. But extrarembryonic 
mesoderm usually forms very early around the wall of the 
vesicle, and the entire extra-embryonic wall may then be 
known as the chorion; the trophoblast may then be called the 
chorionic ectoderm. 

It is convenient to distinguish two general types of behavior 
on the part of the trophoblast or chorionic ectoderm. In 
most instances of central implantation {e.g,, . pig, horse) it 
merely forms an adhesive layer which comes closely into 
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contact, over practically its entire surface, with the uterine 
mucosa. In other instances of central implantation and in 
the eccentric and interstitial types, a p^ or even the whole of 
the trophoblast becomes highly specialized, physiologically, 
as the trophoderm (Minot), in which the cells proliferate rapidly 
forming a layer of considerable thickness (Figs. 175, 176). 
It is the function of the trophoderm to dissolve or digest the 
uterine mucosa, with which it is in contact. The trophoderm, 
probably through the action of specific enzymes, rapidly erodes 
the uterine wall, and the blastodermic vesicle becomes either 
partially or wholly embedded in the maternal tissue, so that 
the embryo bears a relation to the maternal organism which 
is quite that of an internal parasite. 

In most cases a part of the trophoblast is thus specialized 
as trophoderm. In the rabbit, for example, the trophoderm 
forms a horse-shoe shaped area just around the embryonic 
rudiment, lateral and posterior to it; this region alone becomes 
embedded in the uterine tissue, while the remainder of the 
blastodermic vesicle, projecting into the lumen of the uterus, 
remains covered with the relatively unmodified trophoblast 
(chorion). In the spermophile (Rejsek) the trophoderm 
forms a thickened mass, in the wall of the vesicle, opposite the 
inner cell mass or embryonic rudiment. As the trophoderm 
erodes the mucosa, the vesicle is carried down and partially 
embedded in the uterine wall (Fig. 175). In forms like the 
hedgehog, apes, and man, the entire trophoblast becomes 
trophodermal (I^lgs. 153, 161). Here, then, the maternal 
tissues on all sides of the vesicle are eroded, and the "ovum'' 
becomes completely embedded and surrounded by a mass of 
dissolved tissue. 

The cells of the trophoderm very early begin to fuse together 
forming either small masses, known as multinuclear giant ceUsy 
or extensive protoplasmic masses known then as syncytiaj or 
better, the syncytiotrophoderm {syncytiotrophohlasi) (Figs. 175, 
184). In the trophoblast, which is less intimately associated 
with the maternal tissues, the cell boundaries usually remain, 
and this is then distinguished as the cytotrophoblast. 
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It is evident from this description that the trophoderm or 
syncytiotrophoderm, forms the boundary between the embry- 
onic and the maternal tissues, and not only effects the implanta- 
tion of the "ovum," but at the same time establishes the 




Fig. 175.— Early ttagee 
■permophile (Spermophilus 
E^ncytiotrDphoderm juat 
membrane. C. Syncytiotrophodt 
of the uteriae epitheliui ~ ~ 



trophoderm after it bas penetrated the 
connective tUsue of the uterine mucosa. 
epithelium; et. connective tissue of the 
Dterine mucosa; m, endodorm; i, inne 
I, trophoblaat. 



iplantation of the blastodermic vesicle of tha 
After Rejselt, A. Unattached vesicle. B. 
njt the epithelium of the uterine mucous 
n ejttcnditii; alonff the basemeot membrane 
More highly magnified view of the sypcylio- 



membrane and entered the 

b, Baaement membrane of uterine 
terine mucosa; «, epithelium of the 
cell maaa; «, syncytiotrophoderm; 



primary element in the placenta. The trophoderm later 
becomes vascularized from the mesoderm of the chorion or 
allantois (yolk-sac in some cases), and acts as the chief absorp- 



424 OUTLINES OF CHORDATE DEVELOPMENT 

tive or resorptive surface, taking in materials from the maternal 
tissues and blood. 

The extent to which the trophoderm erodes the uterine 
lining varies greatly. Of course where no trophoderm is 
differentiated, little or no actual erosion occurs. And when 
the trophoderm is present, the erosion may affect only the 
epithelium of the mucosa, or it may involve the connective- 
tissue elements, or even the walls of the uterine blood-vessels. 
The degree of erosion has been suggested as a basis for the 
classification of the types of placentae (Grosser), but this and 
many other facts regarding the later history of the trophoderm 
are better considered later, in connection with the placenta 
itself. 

2. The Amnion and Chorion 

Our description of the formation of these membranes may 
be very brief on account of their general similarity to those 
of the chick fully described in an earlier chapter (Fig. 178). 

We must distinguish, at the very outset, between two 
general types of amnion formation found among the Mammals, 
a distinction that has already been noted above in describing 
the formation of the embryonic disc and its relation to the 
trophoblast. In the Camivors, Ruminants, many Insectivors 
and some Rodents, such as the rabbit, the amnion is formed 
from a series of folds of the extra-embryonic somatopleure 
(wall of the blastodermic vesicle) much as in the chick. In 
other forms, such as the mouse, guinea-pig, bat, some Insecti- 
vors, and many Primates, including man, the amnionic cavity 
arises in situ (entypy), above the embryonic disc, through a 
splitting of the ectoderm or through the confluence of gradually 
enlarging spaces (Figs. 152, 153, 155). 

The amnion and chorion of the rabbit may be described as a 
fair representative of the first type. Here, as in the chick, the 
mesoderm very early extends posteriorly and laterally from 
the embryo, but immediately anterior to it the wall of the 
blastodermic vesicle remains for a considerable period devoid 
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Fio. ITS. — Diasrams or the formatioa of the embryotiic membraaes and 
appcDdageB in the rabbit. Aft«r Van Benedcn and Julia (partly after MsrBball). 
Bagittal sectioDB. A. At tho ead of the ninth day. B. Early the tenth day. 
C. At the end of the tenth day. EFtoderm black; endoderm dotted; mesoderm 
■ray. ai, AllsntoiB; <u, allantoic stalk; b. tail bud; c. heart; d, trophoderm; 
«, endoderm; ex, exocoelom;/, fore-(tut; ft, hind-gut; m, mesoderm; -V, central 
nervous system; p, pericardial cavity; pa, proamnion; a. marginal sinus (sinus 
tominslis}; (, trophoblast; la. tail-fold of amnion: r. trophodermal villi; ib, 
'c villi; y, cavity of yolk-sac; v. yoIk-»t«Jk. 
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of mesoderm, and therefore composed of ectoderm and endo- 
derm only. This mesoderm-free region is called the proamnion 
(Fig. 176). The amnionic folds appear, toward the end of the 
ninth day, between the embryo and the horse-shoe shaped 
implantation area described above. At this stage of develop- 
ment the embryo is well established, its head- and tail-folds are 
formed, and the head is beginning to enlarge. In the wall of 




Pio. 177. — TraDsverse section through the rabbit enibiyo at eight days ud 
two hours. From Miuot (Laboratory Text-book of Embryology). Am, Aa- 
□ion: Ao. lateral dorsal aorta; Cl\, Dotochord; Cho, chorioa; Ca. Doelom; S*f, 
endoderm; Md, medullary tube (nerve cord); S«o. myotome; Som. aomsto- 
pieure; Spt, Bplaacbnopleure. 

the blastodermic vesicle the endoderm has extended nearly or 
quite completely around the inside of the vesicle (trophoblast), 
while the mesoderm with its exocoelom extends through only 
the upper third of the vesicle, which is nearly as far as it ever 
goes in the rabbit. 

The tail-fold of the amnion appears first, composed of ecto- 
derm and somatic mesoderm of the extra-embryonic region, 
and therefore containing an extension of the exocoelom; the 
mesodermal layer is unusually thick in the tail-fold. Late^ 
ally folds soon appear as anterior extensions of the extremitiefl 
of the tail-fold. The head of the embryo rapidly enlarges, and 
a.s it sinks down into the proamnionic region this flows up to or 
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above the level of the surface of the embryo forming the rudi- 
ment of the head-fold of the amnion, which is thus composed 
at first of the ectodermal and endodermal wall of this part of 
the vesicle. The posterior and lateral folds rapidly come to- 
gether, close above the embryo, in the anterior direction (Fig. 
177). Finally all four of the folds fuse together in front of the 
middle of the embryo. The region of their fusion, the sero- 
amnionic connection, is a small knot, quite in contrast to the 
elongated seam of the chick; it should also be noted that the 
direction of the closure of the folds is just the reverse of what 
it is in the chick, for here the tail-fold, rather than the head- 
fold, grows the more rapidly. 

Following the complete fusion of the amnionic folds, occurs 
the separation of the inner and outer layers of the folds, thus 
establishing (1) an outer membrane, really an extension over 
the embryo of the wall of the blastodermic vesicle, known as the 
chorion; (2) an inner membrane, the amnion^ separated from 
the embryo itself by (3) the amnionic cavity; and (4) an ex- 
tension completely around the dorsal and lateral sides of the 
embryo, of the exoccelom (Fig. 176). 

From the relation of these folds (Fig. 178), it is clear that the 
chorion is ectodermal superficially, lined with extra-embryonic 
somatic mesoderm, while the amnion is ectodermal internally 
with its somatic mesodermal layer turned away from the em- 
bryo. The exoccelom is of course entirely lined with meso- 
derm, while the amnionic cavity is wholly lined with ectoderm, 
embryonic and extra-embryonic. The amnion is a thin, semi- 
transparent membrane, while the chorion is thicker and quite 
opaque. The amnion is non-vascular, while the chorion is, in 
the higher Mammals, often richly supplied with blood vessels. 

As the embryo enlarges, the attachment of the amnion, and 
therefore the region where the amnionic ectoderm becomes 
continuous with the embryonic ectoderm, remains restricted to 
the region just around the origin of the yolk stalk and allantois 
OF umbilicus (Fig. 176, B, C). 

The proamnion finally becomes invaded by mesoderm, which 
has from a very early stage been present in front of the pro- 
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amnion, and the entire amnion and chorion then have a meso- 
dermal lining. In the rabbit the amnionic cavity remains 
relatively small, while the exoccelom expands so as to fill the 
cavity of the blastodermic vesicle, save for the space occupied 
by the yolk-sac and allantois (Fig. 180). The tail-fold appears 
extremely early in some forms, such as the mole {Talpa) and 
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PlO. 178. — DiaKram of the embryonic membcanes and appendagM o( ^ 
MBmniBlB in general. From Hertwig (Lehrbuch, etc.). after Turner. A^- 
AmnioDic cavity; at, allantois; ALC. allantoic cavity; am. amnion; S, embryou' 
ectoderm; H, embryonic endoderm (the reference letter is placed in tie f} 
cavity); M. embryonic mesoderm; pc. trophoblaat or trophoderm with tiUi: 
II, chorion; UV, yolk-sac. 

in Tarsius, so that the point of the final closure of the amnionic 
folds is far forward over the head. The extent of the proam- 
nion is also extremely variable; in some forms {e.g., Ruminants, 
bats, many Primates) it is nearly or quite absent, while in 
the opossum it forms nearly the entire anmion. 

Turning to the second type, where the amnionic cavity is 
formed in situ, as a closed cavity from the very beglmiiiig, «'* 
may describe the human amnion as an example. The earliest 
stages in its formation have not been observed as yet, in man, 
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but a relatively early condition has been illustrated in Fig. 
161, D. Here the embryo itself remains connected with the 
wall of the blastodermic vesicle by the body stalk, described 
above, and in this respect the human embryo is not a satis- 
factory example of this type of amnion formation. Usually 
this attachment represents the remains of a thickening in the 
wall of the vesicle {'Urdger,^^ see above), to which is added 
later the definitive attachment of the allantois growing out 
from the embryo through the cavity of the vesicle to the inner 
surface of the chorion. 

In the human vesicle, however, the amnionic cavity appears 
directly above the embryo, so that the embryonic disc itself 
forms its floor, while the body stalk bounds it posteriorly 
(Figs. 161, 179). At first the roof of the amnionic cavity is 
simply the trophoblast, but as the cavity enlarges it becomes 
partly free, below the trophoblast, so that its roof is a separate 
structure. The attachment of the amnion is around the mar- 
gin of the embryonic disc (Fig. 162, A); its roof and sides are 
composed of a thin layer of ectoderm toward the embryo, 
outside of which is a thin mesodermal layer, for the extra- 
embryonic mesoderm has already been formed throughout the 
entire vesicle. A proamnion is therefore lacking in forms whose 
amnion is developed in this manner. 

As the embryo enlarges and extends in every direction the 
origin of the amnion appears to be carried ventrally, so that, 
as in the rabbit, it connects with the embryo just around the 
umbilicus. At the posterior end, however, it passes around 
the sides of the body stalk, to its posterior surface, so that this 
structure finally becomes wrapped in a part of the amnionic 
membrane (Fig. 179). In man the yolk stalk and sac, and the 
allantois, are also bound up in this body stalk or umbilical 
stalk (Fig. 179). The final disposition and character of the 
amnion and chorion are thus essentially the same as when 
formed from folds. 

In man the amnionic cavity grows rapidly and by the third 
month becomes so large as completely to fill the cavity of the 
vesicle or "ovum.'' The exococlom is thereby entirely obliter- 
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ated, the amnion and chorion being brought into contact with 
one another over their mesodermal surfaces, and finally they 
may fuse together. The amnionic cavity is tilled with a fluid 
known as the liqnor amnii, now thought to be formed by the 
amnionic epithelium. It contains solids, mostly albumins, 
grape sugar, and urea, to the extent of about 1 per cent. The 




Fio. 179. — DiaerBms illustrating the formation of the umbilioat cord and tli'i 
rclatiuiui of the nllaDtciis and yotk-aac in the human embryo. From McMurrirh 
(Dcvclupmeat of the Human Body). The heavy black line represent* the 
pmbryoDip ectoderm; the dotted line marks the line of the transition of the body 
(cmhryunic) ectoderm into that of the amnion. Stippled arcaa, mesoderm. .4r, 
Amnionic cavity; Al. ollantois; Be. eioccelom; Ba. body stalk; Ch. chorioD: 
P. placcnln; t'c, umbilical cord; V, chotioaic (trophodermic) villi; Y», yolk-sac. 

iiinouiit of the/t^MoramHU in man varies considerably, but usu- 
ally between O.'y and 1.0 liter at the period of its maximum 
amount, which iw some time before parturition. At parturition, 
ofcour.se, both the amnion and chorion normally are ruptured 
and tlie aninionie fluid escapes with or before the foetus. 

The mure inifwrtant aspects of the chorion are those con- 
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cemed with placentation and will be considered in connection 
with the development of the placenta. 

3. The Yolk-sac 

We may summarize what has already been said concerning 
the yolk-sac and add a few facts of importance, chiefly from 
the comparative standpoint. We are to think of the yolk-sac 
of the Mammals as typically occupying the chief part of the 
early blastodermic vesicle, its cavity opening widely into the 
embryonic gut by the broad yolk stalk, and its wall separated 
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Fio. 180. — Diagrammatic section through the fully formed blastodermic vesi- 
cle of the rabbit, showing the reduced yolk-sac. From Hertwig (Liehrbuch, etc.) 
after Bischoff. a, Amnion; a/, allantois; d«, yolk-aac; e, embryo; ed, ed\ ed" 
yolk-sac endoderm; fd, vascular layer (mesoderm) of yolk-sac; pi, villi; r, exo- 
coclom; at, sinus terminalis; u, allantoic stalk. 

from the chorion by the exocoelom (Figs. 161, 179). The yolk- 
sac is thus a splanchnopleuric structure, in contrast to the 
somatopleuric amnion and chorion. This typical relation, how- 
ever, is subject to varied and often profound modification. In 
the rabbit we have seen that the endodermal wall of the vesicle 
develops slowly, so that for a considerable early period the yolk- 
sac is incomplete ventrally. Finally the endoderm does form 
a complete sac, in contact with the chorionic ectoderm; the 
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extra-embryonic mesodenn then develops very slowly pushing 
down between the ectoderm and endoderm, but limited to the 
upper half of the vesicle (Fig. 176), The yolk-sac in the rabbit 
is therefore strictly splanchnopleural only in its upper half; 
below this the chorionic ectoderm is in direct contact with the 
yolk-sac endoderm. When the exoccelom expands so consider- 
ably as it does in the rabbit, the yolk-sac is compressed and 




Flo. 181. — Area vasculosa (yolk-oac circulation) of an eleven-day rabbit. 
After Van Beneden and Jiilin. Veina black, arteriea white. *, Marginal tiaut 
(sinuB terminalis) ; m. vitelline artery; m, vitelline veins. 

reduced to an umbrella-shaped structure with a very narrow 
cavity, connected with the embryonic gut by a long narrow 
yolk stalk, the wall of which includes mesoderm as well as 
endoderm (Fig. 180). 

As in the chick the mesodermal wall of the yolk-sac becomes 
very vascular. Its rich network of blood vessels is supplied 
by the vitelline or omphalomesenteric arteries arising from the 
dorsal aorta (Fig. 181). After spreading over the surface of the 
sac these collect into a well-marked sinus terminalis, which is a 
complete ring in the rabbit, and from which the blood is re- 
turned to the embryo through the vitelline or ompkalomesenterie 
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veins. These empty into the posterior end of the heart after 
penetrating the liver; later the extra-embryonic portions of 
these veins disappear, while their embryonic portions are trans- 
formed into the portal (hepatic portal) vein. 

In the Carnivors the yolk-sac is very large and has a complete 
mesodermal investment which is unusually vascular. At first 
it is closely in contact with the chorion, and thus may have 
temporarily a placental relation, but soon it is in part separated 
from the chorion by the extension, between the two membranes, 
of the allantois which then assumes the definitive placental rela- 
tion. The primarily placental character of the yolk-sac in the 
marsupial, Dasyurus, has been mentioned. In the mole, Talpa, 
a similar relation has been described, the vascular mesoderm 
of the upper part of the yolk-sac, with the endodermal wall of 
its lower part, coming into close organic relation with the 
chorion and uterine epithelium. 

In many other Mammals the yolk-sac is from the beginning a 
relatively small organ (Tarmis, hedgehog, Primates), or it may 
early be reduced from an originally well-developed state (horse). 
In man, which may be described as in a general way representa- 
tive of this type, the yolk-sac at all stages comes far short of 
filling the cavity (exoccelom) of the blastodermic vesicle. It 
grows slowly out into the exoccelom during the first month or 
more of development, its diameter about equal to the length of 
the embryo. Its wall is richly vascular even in its very early 
stages, the blood vessels producing a characteristic roughness 
of its outer (mesodermal) surface (Fig. 164). After reaching 
a size of about 11X7 mm. it begins to diminish in size. A 
yolk stalk becomes clearly differentiated and elongates rapidly, 
and we have already seen how it becomes enclosed proximally 
within the umbilical stalk or cord. Finally the entire yolk stalk 
is thus enclosed and, as the amnionic membrane expands, filling 
the entire cavity of the "ovum," wiping out the exoccElom, the 
yolk-sac itself disappears from view, embedded in the meso- 
dermal tissues of the placental region (Fig. 179). 

The greater part of the yolk stalk becomes a solid cord of en- 
doderm during the latter part of the second month, and finally 
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it disappears entirely; its proximal end may occasionally remain 
tubular as Meckel's diverticulum of the intestine. The yolk- 
sac remains as a very small vestige, ordinarily 5 mm. or less in 
diameter, even up to the the time of parturition. 

4. The Allantois 

The allantois is no less variable among the Eutheria, both 
in its mode of development and in its definitive relations, than 
are the other embryonic appendages. And again there is little 
parallel between allantoic characters and the usual ordinal 
classification of the Eutheria. Among the Carnivora and the 
lower Primates (Lemurs) the allantois becomes very large and 
fills the exocoelomic space, while, as an opposite condition, 
among the other Primates it forms not even a free vesicle, but 
remains as a vestigial structure, enclosed within the umbilical 
cord. Between these two extremes there is a great variety of 
conditions. 

The earlier embryonic history of the allantois is considerably 
less variable than its later history and final relations. At first 
there is essential similarity to the condition already described 
in the chick, so that the earlier phases in its development need 
not be described here. Many of the later modifications of the 
avian type of allantois are correlated with the fact that among 
the Mammals the allantoic circulation functionallv takes the 
place of the avian yolk-sac circulation, or in other words, the 
allantois takes an essential, though secondary, part in the 
formation of the embryonic placental structures, indeed it may 
even be Umited to this relation, as in the rabbit. From the 
functional relations of the allantois, among the Mammalia, it 
is clear that its mesodermal structures, in particular its blood 
vessels, are its most important elements, and there is relatively 
slight variation in their arrangement. 

As in describing the amnion we may consider two of the 
important types of allantoic formation and history, and then 
mention briefly a few comparative points of interest. 

In the rabbit the allantois appears on the eighth day of de- 
velopment, as a small mass of mesoderm cells extending into the 
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exoccelom opposite the posterior end (primitive streak) of the 
embryo (Fig. 176, A). At its base the tail-fold of the amnion 
is just appearing, and there is already a slight indication of the 
evagination of the endoderm into it. By the nmth day the 
tail of the embryo has begun to grow out, and the allantoic 
rudiment is forced into a ventral position; the amnion therefore 
appears to arise posteriorly to the allantois, beneath the base 
of the tail. By this day the allantois has enlarged and its 
extremity has dilated forming a vesicle which extends freely 
into the exoca»lom, while the narrower allantoic stalk is 
attached beneath the embryo, just back of the attachment of 
the yolk-sac, from the cavity of which the allantoic cavity is 
now clearly marked off. 

As the allantois grows out it comes immediately into relation 
with the inner surface of the chorion, in the region where the 
chorionic ectoderm has become trophodermic (Fig. 176, B), and 
since the trophoderm is the beginning of the placental struc- 
ture, the allantoic stalk thus becomes the direct pathway 
between the embryo and the placental region. 

During the tenth to twelfth days the allantois expands 
rapidly beneath the chorionic trophoderm, its mesodermal wall 
thickens and in it a rich vascular network is developed (Fig. 
176, C). Blood vessels have been present in the allantoic meso- 
derm from a very early period, and by the tenth day there are 
present a pair of umbilical arteries, and a pair of umbilical veins, 
having relations similar to those already described in the human 
embryo. It is through the allantoic blood vessels, therefore, 
that the embryonic circulation is related with the placental, 
and in the rabbit this appears to be the only important function 
of the whole allantoic structure. 

In man the history of the allantois is a very different story. 
Here, as in all Primates, the primitive connection of the hinder 
end of the embryo with the chorion is never interrupted, and 
this connection, known as the body stalk (see above), composed 
of mesoderm, may be regarded as the modified equivalent of 
the allantoic stalk of such a form as the rabbit. Into this body 
stalk there early extends a small tubular outgrowth from the 
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endodermal lining of the yolk-sac, from which at this time the 
hind-gut is not distinguishable (Fig. 161, D, E). 

The essential relation thus established is never extensively 
altered. When the hind-gut forms, it is dorsal or postero- 
dorsal to the opening of the allantoic canal, and as the body 
stalk elongates the allantoic canal continues to extend up 
through it, finally reaching the region of the chorionic meso- 
derm (Fig. 179). The allantois never expands into a free vesicle 
in the exocoelom, but remains as a vestigial structure, wholly 
embedded within the tissues of the body stalk, or of what is 
later the umbilical stalk (see above). The endodermally lined 
allantoic canal within the umbilical cord, remains present in 
this condition throughout the foetal period. As the ventral 
body wall of the embryo is formed it encloses the proximal 
portion of the allantoic stalk, and this becomes enlarged, 
forming the rudiment of the urino-genital sinus and the urinary 
bladder; between this and the body wall it is reduced to a solid 
strand of connective tissue called the urachus. 

The blood vessels of the allantois (umbilical arteries and 
veins) remain typically developed here, in spite of the 
vestigial character of the endodermal portions of the allantois, 
and as in the rabbit these are the only functional elements of 
the whole allantoic structure. The vessels are very large and 
form a very rich network in the placental region, beyond the 
limits of which the chorion becomes almost non-vascular, 
although in earlier stages the entire chorion is vascular. 

Only among the higher Primates is the allantois vestigial to 
such a degree; and it is not often that it has as limited an extent 
as in the rabbit. In other forms, such as the Lemurs, Camivors, 
and Ungulates, the allantois extends completely around the 
inner surface of the chorionic vesicle; among the Ungulates 
this seems to be correlated with the simple type of placenta 
(see below). In such cases, and in some other instances 
where the allantois is more nearly limited to a definite placental 
region, a definite allantoic cavity is present, small and com- 
pressed in forms like the sheep and pig, or large and filling a 
large part of the cavity of the entire vesicle. 
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5. The Placenta 

Among the Eutherian Mammalia placentation may be de- 
fined as an intimate relation between a portion of the uterine 
mucosa and a part or the whole of the chorionic membrane 
(trophoblast) of the blastodermic vesicle. This relation may 
involve merely the close apposition of these two tissues, or their 
actual fusion. Further, in order that this relation may be 
eflfective in the nutrition of the embryo, which is in fact its 
whole raison d^etre, the blood vessels of the allantois become 
closely associated with the related chorionic and maternal 
tissues. 

All of the structiu'es thus associated in effecting the nutritive, 
respiratory and excretory interchanges between embryo and 
maternal organism, may collectively be termed the pla^nta. 
It is thus immediately evident that the placenta is a compli- 
cated structiu-e and one that is extremely variable, including 
as it does, these several elements, themselves individually 
variable. 

Many of the essential facts regarding the establishment and 
the grosser morphological relations of the placenta have been 
mentioned in other connections. In the section on the im- 
plantation of the '*ovum" we have seen that the earliest step 
in placentation is to be found in the relation established 
between the chorionic ectoderm, whether trophoblast or tropho- 
derm, and the uterine wall (Fig. 175). This is followed con- 
siderably later by the vascularization of the chorion thus re- 
lated to maternal tissues, by the blood vessels of the yolk-sac, 
as in certain Marsupials (Fig. 174), or of the allantois, as in 
the Ungulates and rabbit (Fig. 176), or by the vessels of the 
chorionic mesoderm itself, as in man. 

Upon the character and completeness of the relation between 
chorionic ectoderm and the uterine tissues depends the funda- 
mental character or type of the placenta developed later. 
Among most of the Marsupial Mammalia the surface of the 
chorion retains its smooth surface and is ordinarily not vascu- 
larized, either by the yolk-sac or allantois, and since it forms 
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only simple contact with the uterine wall, nutritive inter- 
changes between embryo and parent are carried on only with 
some difficulty. These forms have been termed the achoria 
or aplacentalia, although strictly speaking these terms are 
misnomers, for a simple chorion is present and a placental 
relation does exist, although to a very limited degree. 

All of the Eutherian Mammalia may then be termed choriata 
or placentalia, and it is characteristic of these forms that upon 
the outer surface of the chorion there develop elevations or 
papillse known as the villi (Figs. 153, 161, 184). 

The villi are the organs of primary importance in eflfecting 
the nourishment of the embryo, and the essential characters, 
as well as many of the minor characters of the placenta, 
depend upon the form, mode of distribution, and other 
characteristics of the villi. 

The chief variations in the characteristics of the villi may be 
enumerated as follows: they may be trophoblastic or tropho- 
dermic in origin; they may be simple papillae or complexly 
branching, dendritic outgrowths; they may develop very early 
in embryonic history or very late after a considerable period 
of intra-uterine life; they may be almost non- vascular or very 
highly vascularized from the embryonic circulation (umbilical 
arteries and veins); they may be distributed quite uniformly 
over the greater part of the chorionic surface or definitely 
grouped and restricted to certain areas; when restricted they 
may be grouped in definite patches or cotyledonSy scattered 
over the chorion, like polka-dots, or they may be restricted to 
certain general zones or bands, or to single large circular areas, 
or arranged in still other ways; they may be in contact with 
the maternal mucous epithelium lining the uterine cavity, or 
with its connective tissue stroma, or with the endothelium of 
the uterine vessels, or actually bathed directly in the maternal 
blood stream. 

Several classifications of placentae have been formulated, 
based upon one or another of these conditions. While none of 
these represents a natural classification, we may outline certain 
of the more important, as a convenient way of stating the 
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essential facts of placental arrangement. The earlier classi- 
fications, such as those of Owen, Huxley and KoUiker, based 
upon the type of villous distribution and the degree of intimacy 
between the villi and th^ uterine mucous membrane, may be 
summarized as follows, following Hertwig in the main : 

L Achoria. Chorion with few or no villi. Mono tremes and Marsupials. 
IL Choriata. Chorion with many villi. 

A. With uniformly distributed villi, not intimately related 
with the maternal tissues. Most Ungulates except the 
Ruminants {e.g., horse, pig, camel, deer, etc.), 

B. With \illi localized in definite areas, and moie or less closely 
related with maternal tissues. The true Placentalia. 

1. Villi in numerous small patches or cotyledons. Cotyle- 
donary placenta. Ruminants. 

2. Villi in a band or zone aiound the chorion. Zonary 
placenta. Camivora. 

3. Villi in a single laige circular area. Discoid placenta. 
Insectivors, Bats, Rodents, higher Piimates including 
man. 
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The terms deciduate and non-deciduate in the classification 
above require a word of explanation. In several groups of 
Mammals the epithelium of the mucous membrane lining the 
uterine cavity becomes greatly thickened during pregnancy, 
or preceding menstruation. This thickening during pregnancy 
is termed the decidua, and usually the relations of the villi to 
the decidua are such that the separation of the placenta at 
parturition involves a certain loss of maternal tissue (de- 
ciduata). In other forms, however, the uterine epithelium 
shows no such proliferation, and the chorionic villi, at parturi- 
tion are simply withdrawn from the pits in the mucosa where 
they have been lodged, and no destruction of maternal tissues 
results (non-deciduata). An intermediate condition, known as 
conira-deciduate, is found in the mole where, although a decidua 
is formed, the placental tissues are not lost at parturition, but 
are absorbed by the walls of the uterus. 

A more recent and more detailed classification of placental 
arrangement, again based upon the morphological arrangement 
of the viUi, is that of Strahl, as follows: 
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L Mammalia ovipara. Monotremata. 
II. Mammalia vivipara. 

A. Achoria (Aplacentalia) . Most Marsupialia (the exceptions 
are PerameleSy Dasyurus, and perhaps Phaacolarctos), 

B. Choriata (Placentalia). 

1. Semiplacentalia (Partial placenta). Chorionic and 
uterine structures in close apposition but not fused; 
simple separation at parturition. 

a. Semiplacenta amUosa. Chorion without villi. Pera^ 
meleSy Dasyurua. 

b. Semiplacenta diffusa. Simple villi uniformly dis- 
tributed. Horse, pig, tapir, hippopotamus, camel, 
deer, whale, Manisj Lemurs. 

c. Semiplacenta multiplex. Villi in groups or cotyle- 
dons. (Cotyledonary placenta.) Ruminants. 

d. Semiplacenta zonaria. Villi in a zone or band 
around the chorion. Only in the Dugong (Halicore) . 

2. Placentalia vera (Complete placenta). More or less 
complete fusion of chorionrc and uterine tissues, in- 
volving tissue destruction at parturition. 

e. Placenta zonaria. Placental fusion in the form of a 
broad band or zone, completely around the chorion. 
Most Carnivora. In Hyrax and the elephant com- 
bined with cotyledons. 

f. Placenta zono^iscoidalis. Placental fusion in the 
form of an incomplete band or zone. MusteiidcB 
{e.g., marten, weasel, ferret, etc.). 

g. Placenta discoidalis. Placental fusion in the form 
of a circular disc, usually simple in outline, though 
sometimes lobed. Insectivors, bats. Rodents, Tar- 
siuSy apes, man. 

Of the many other classifications of placental types we may 
mention only one, that of Grosser, based upon an entirely 
different relation, namely, the extent of the erosion of the 
maternal uterine tissues effected by the trophodermal cells of 
the chorion. From this point of view placentae are arranged 
in four groups, as follows: 

I. Placenta epitheliochorialis. All maternal tissues retained, un- 
eroded. Chorionic epithelium (of the villi) in contact with the 
uterine epithelium. Pig. 
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II. Placenta syndeamochorialis. Uterine epithelium nearly or 
wholly eroded. Chorionic epithelium in contact with the con- 
nective tissite of the uterine mucosa. Ruminants. 

III. Placenta endotheliochorialis. Epithelium and connective tissue of 
the uterine mucosa eroded. Chorionic epithelium in contact 
with the endothelial walls of the uterine blood vessels. Cami vora. 

IV. Placenta hcBmochori^lis. Uterine epithelium, connective tissue, 
and vascular endothelium eroded. Chorionic epithelium in 
contact with maternal blood stream. Man. 

Variation in the extent of the erosion of the maternal tis- 
sues determines to some extent also the character of the 
nutritive substances absorbed or resorbed by the chorionic 
epithelium. The nutritive materials taken into the foetal 
circulation are of two classes. (-4) Food substances already 
dissolved in the maternal blood. These, known as hcemotrophe, 
may pass by diffusion or by active resorption directly into the 
embryonic circulation. Obviously this process is easier, and 
this type of nutritive substance more important, in those 
placentae where the chorionic epithelium is more closely re- 
lated with the maternal blood (Placenta endotheliochorialis and 
PI. hajmochorialis). (B) Products of the uterine mucous mem- 
brane including the secretion of the uterine glands, the products 
of the erosive or dissolving action of the trophoderm, and the 
resultant extravasated blood. This is known as the embryo- 
trophe or pabulum. Frequently these materials undergo a sort 
of digestive process before their absorption into the embryonic 
circulation. In forms whose chorionic (villous) epithelimn is 
less closely related to the maternal blood stream (PI. epithelio- 
chorialis, PI. syndesmochorialis) the embryotrophe is the 
more important source of nutrition. In the other types it 
may be of great importance during the early period of devel- 
opment, and gradually give place to the haemotrophe as the 
relation between the villous and uterine blood streams becomes 
more intimate. 

With these general facts regarding the variety of placental 
arrangement in mind, we may describe the development and 
structure of but a single type— the human placenta (Plax^enta 
discoidaliS) hcemochorialis) , (For a description of the placental 
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relations in other forms, the student may be referred to Mar- 
shall's ''Physiology of Reproduction/') 

The very early stages in the history of the human ovum are 
not yet known, but from comparisons with other similar forms, 
and from the conditions of the youngest embryos known (see 
Peters, Bryce-Teacher) the characters of the early human 
blastodermic vesicle may be inferred with a high degree of 
probability. It is entirely probable that the entire tropho- 
blastic surface of the vesicle becomes trophodermic (Fig. 161), 
and digests or erodes the uterine mucosa all around itself, when 
it becomes attached to the uterine wall after entering the uterine 
cavity. This attachment and implantation of the "ovxmi" 
usually takes place on the anterior (upper) wall of the cavity, 
between the openings of the oviducts, in what is know^n as the 
fundus of the uterus. Attachments to other parts of the wall 
are not infrecjuent, however, and do not affect the normality 
of development. 

The *'ovum" or vesicle apparently eats its way a short 
distance into the mucosa, which closes behind it, and by de- 
stroying the adjacent tissues becomes surrounded by a narrow 
space filled with fluid — extravasated blood and the products 
of erosion (embryotrophe). This space is the rudiment of 
what is later known as the intervillous cavity. The uterine 
cells in this region then begin to proliferate rapidly, so that as 
the blastodermic vesicle enlarges it remains covered wdth a 
distinct layer of the uterine mucosa; this, as we shall see, is 
the beginning of the decidua capsularis or refiexa. In some of 
the Rodents the injury of the mucosa, when combined with 
the presence of an internal secretion from the ovary (or corpus 
luteum) serves as the stimulus to this proliferation (L. Loeb). 

The chorionic villi are formed very early and at first develop 
all over the surface of the vesicle. Some of the villi simply 
extend freely into the intervillous cavity, while others grow 
across it and reach the undisturbed tissues of the uterine 
mucosa, to which they become definitely attached as the 
fixation villi. 

Before tracing further the history of the villi and the for- 
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mation of the placenta, we must consider some facts regarding 
the general epithelial lining of the uterine cavity (Fig. 182). 
During pregnancy this epithelium is not sloughed off as it is 
during menstruation; on the contrary it thickens rapidly and 
considerably, over the entire wall of the uterine cavity forming 
the decidua. Its later history varies in different regions. That 
part of the decidua not directly related with the blastodermic 
vesicle, and therefore its greater part, is known as the decidua 
vera. The region covering the vesicle and separating it from 
the uterine cavity is the decidua capsulari:s or decidua reflexa; 
while the portion beneath the vesicle, between it and the 
muscular layer of the uterine wall, is the decidua basalis or 
decidua serotina. 

As the decidua vera thickens, during the early phases of 
pregnancy, its vascularity increases and the uterine glands 
within it elongate, becoming branched and anastomosing, ex- 
tending down into the deeper layers of the mucosa. Toward 
their openings upon the surface of the mucosa they dilate con- 
siderably and the connective tissue miatrix in which they are 
embedded is correspondingly reduced, so that a superficial 
layer of the decidua may be distinguished, as the spongy layer. 
The deeper region is known as the compact layer; here the 
glands do not dilate and the decidual cells multiply and en- 
large. The decidua vera reaches its maximum development 
during the second or third month of development, when it 
may be 6-10 mm. in thickness; degenerative changes have 
already begun at this time, however. 

At first the structure of the decidua capsularis is not markedly 
unlike that of the decidua vera, save where all its structure 
has been destroyed by the entering vesicle, but its glands soon 
atrophy. As the blastodermic vesicle rapidly enlarges the 
decidua capsularis becomes extended, and by the fifth month 
it is pushed out into contact with the decidua vera, and the 
original cavity of the uterus is obliterated. The decidua 
capsularis now becomes non- vascular, gradually thins out, and 
finally disappears completely, leaving the chorionic surface of 
the vesicle in contact with the decidua vera. But this too 
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has partly degenerated; it has become less vascular, its super- 
ficial epithelium and spongy layer have disappeared, and there 
remain only a part of its compact layer and the deeper portions 
of the uterine glands. 

The early history of the decidua basalis is not essentially 
unlike that of the decidua vera, save that its glands disappear, 
but later, instead of exhibiting any phenomena of atrophy its 
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importance increases; its capillaries dUatc, its decidual inter- 
glandular cells continue to multiply, and it takes an essential 
part in the formation of the placenta, forming in fact the 
whole maternal portion of this orgjin. To understand the 
origin and structure of the placenta we must return to tlie 
early blastocyst, upon the surface of which the villi are forming. 
The villi are formed at first whollj- of the ectodermal tropho- 
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derm, and as we have seen, extend into or across the inter- 
villous cavity from all surfaces of the blastodermic vesicle. 
As the vesicle enlarges the villi on the sides toward the decidua 
capsularis disappear along with the capsularis itself, and the 
smooth chorion thus left is the chorion losve^ which then comes 
into contact with the decidua vera on the opposite side of the 
uterus (Figs. 182, 183). The villi in relation with the decidua 
basalis alone remain, forming then the chorion frondosum; 
this part of the chorion is in the region of the attaclunent of 
the body stalk of the embryo, where the umbilical (allantoic) 
blood vessels are distributed. 

The villi of the chorion frondosum enlarge and branch, many 
of them finally assuming a dendritic appearance, extending 
irregularly through the intervillous cavity (Fig. 184). While 
at first simply ectodermal, the mesoderm of the chorion soon 
pushes out into them and becomes extremely vascular. Even 
before this the superficial cells of the trophoderm (and \alli) 
have fused into a syncytial layer known as the syncytiotropho- 
demiy which is lined internally, for a time, by a simple epithe- 
lium of the cells of Langhans, also apparently derived from 
the chorionic ectoderm. The vascular mesoderm then forms 
the core of the villus (Fig. 184). 

As the villi grow out they continue to erode the substance of 
the decidua basalis, and the intervillous cavity is consequently 
enlarged and filled with maternal blood from the opened 
capillaries and vessels of the region. Finally the whole inter- 
villous space is occupied by large vascular sinuses or lacuna*, 
and when the Langhans cells disappear, the embryonic and 
maternal blood streams are separated only by the endothelium 
of the villous capillaries and the syncytiotrophoderm covering 
them (placenta luemochorialis). Of course the two blood 
streams are nowhere in direct communication. 

The formation of the placenta has now been described. It 
is a structiu'c combined from two distinct sources, a maternal 
portion, the decidua basalis, and an embryonic portion, tlie 
chorion frondosum; the two are separated by the intervillous, 
or as we may now say, intra-jplacental cavity ^ filled wuth maternal 
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blood. The two regions axe in actual connection only margin- 
ally and through the fixation villi (Figs. 184, 185); later certain 
septa aflFord additional connection (see below). From the 
preceding description it is apparent that the human placenta is 
at first of the diffuse type, later becoming discoid. 

The fully formed placenta (i.e., at nine months) is an oval 
or circular disc of irregular outline, roughly 16-20 cm. in 
diameter, and about 3 cm. in thickness toward the middle, 
gradually becoming thinner toward the margin. The umbilical 
cord transmitting the umbilical arteries and veins, is attached 
eccentrically; the cord itself measures, at full term, about 
50-60 cm. in length and has a diameter of something over 1 cm. 
The villous surface of the placenta is marked out in irregular 
areas by partitions or septa, extending upward from the decidua 
basalis, some of which, when the placenta is in situ, attach to 
the chorion and so divide the intra-placental or intervillous 
cavity into chambers. These areas are known as the loculi, or 
sometimes as cotyledons, and they must not be confused with 
the groups of villi of the cotyledonary placenta of the Rumi- 
nants. The villi extend from the surface of the septa as well as 
from the general chorionic surface. 

Examination of Fig. 185, illustrating diagrammatically a 
section through the placenta at its margin, will serve to make 
clear the structure of the placenta. The embryonic surface of 
the placenta, which is toward the top of the page, is seen to 
be covered with the thin amnion; that is, the exoccelom has 
been obliterated by the apposition of the amnion and chorion, 
and the cavity of the embryonic vesicle is therefore the amnionic 
cavity, filled with the amnionic fluid. 

The chorion presents first a connective tissue membrane 
(close vertical ruling) beneath which are the vascular villi 
(liorizontal ruling) which in reality form a dense spongy mass. 
Tlie vessels extend through the complexly branched villi, 
both types of which are shown. Toward the close of gestation 
the fixation villi become very loosely attached to the decidua 
basalis, in preparation for the separation of the placenta at 
parturition. The villi are for the most part freely suspended 



THE EARLY DEVELOPMENT OF THE MAMMAL 449 

in the intra-placental cavity filled with maternal blood (black 
in Fig. 185). Beneath this are the greatly reduced layers of 
the decidua basalts, traversed by the maternal blood vessels 
communicating with the intra-placental cavity. In the deeper 




layer of the decidua basalis portions of the uterine glands 
remain present. Finally the decidua basalis rests upon the 
muscular layer of the uterine wall (oblique ruling). 

Peripherally the irregular chambers of the uitra-placental 
cavity are nearly or quite free from villi, and form the marginal 
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sinus. This is incompletely separated from the remainder of 
the cavity by an irregular septum known as the closing plate. 

At parturition, when the anmion has been ruptured and the 
anmionic fluid and fcetus have been expelled by the contrac- 
tions of the uterine musculature, the amnion itself and the 
placenta and deciduae come away later. The decidua basalis 
separates first through the spongy region, just outside the 
glandular layer (Fig. 185, Tr-Tr), The decidua vera similarly 
is divided through the remains of its spongy layer and comes 
away with the placenta. The so-called *' after-birth" therefore 
includes amnion, chorion, decidua vera, placenta, and a por- 
tion of the decidua basalis. The hemorrhage which follows this 
separation of the maternal tissues is diminished by the general 
contraction of the uterine walls. The entire uterine cavity is 
then lined with the deeper decidual layer containing vestiges 
of uterine glands, and from this tissue the decidua is formed 
anew. 
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(Pages 1—61 refer to Amphioxus : 62-228 to the frog: 22^367 to the 
chick: 36S-454 to the Mammal. Page numbers in heavy-face type refer to 
iUustrations. 



Accessory cleavage furrows, 244, 246 
Achoria, 438, 439, 440 
adolescence, 370 
adrenal bodies, 206-207, 207 : 363- 

364 
after-birth, 450 
age, frog, estimation of, 64, 127-128; 

of human embryos, 403, 407 

air, chamber, 288, 234; sacs, 

332, 836 
albumen, 238, 234, 241, 288, 289; 

formation, 241; later 



history, 298 ff.; 
289, 298 Jf . 



sac, 288, 



alimentary canal, 33: 158 ff.: 269, 
326 #., 336 

allantois, 280, 287, 288, 289, 291, 295 
/., 296, 297, 336: 400, 402, 428, 

430, 481, 434 ff.; at hatching, 

300; blood vessels of, 299: 



435, 436; 
434; 



functions of, 295: 

fusions of, 297-298; 

human, 400^ 430, 435-436, 

444; later history, 430, 431, 

434 ff.; mammalian com- 
pared with avian, 435; rela- 
tion with chorion, 430, 431, 435; 

stalk of, 287, 288, 289, 296, 

297,297,348:430, 431 

AJlen, 205 

^mnio-cardiac vesicles, 262, 263, 
266, 267, 268, 272, 273 

Amnion, 280, 287, 288, 289, 292 /., 

296, 310, 361: 444, 446; 

cavity, 280, 287, 288, 289, 293, 
294 : 386, 386, 388, 389, 390, 390, 
391, 891, 392, 393*, 399, 400, 424, 

444, 446; cavity, false, 389, 

391, 391; cavity, formation 

in man, 428 ff., 430; folds, 

262, 283, 292 jf.: 391, 392, 393, 

396, 426, 426 /., 426, 427; 

folds, closure of, 293, 296, 297: 

426, 426, 427; folds, head, 

262, 292: 426, 427; later 

history, 424 jf ., 428, 430 

Amphioxus, outline of life-history, 3 



amplexus, 78 

ampullffi, 160, 151: 822, 323 

anal, membrane, 414, 416; 

opening, 415, 416; plate, 

280, 296, 296, 297, 334 
annulus tympanicus, 214, 217 
anterior, chamber (eye), 817, 321; 

gut diverticula, 26, 32-33, 

82, 86; intestinal portd, 

261, 262, 266, 269, 272, 276, 278, 

282, 291, 804, 846 

anus, 35: 118, 169: 296: 415, 416 

aorta, dorsal, 179, 182, 184, 184 

273, 275, 276, 278, 281, 291, 294 

829, 341, 342, 842, 848: 406 

lateral dorsal, 179, 180, 182 

272, 291, 292, 341 ; ventral 

177: 273, 275, 278, 282 
aortic arches, 180, 181, 181, 184 

283, 286, 291, 329, 838, 340 jf. 
841, 342, 848: 405, 406; 



carotid, 184, 184: 283, 341, 842 

hyoid, 179, 183: 340, 341 

mandibular, 179, 183: 275 

278; pulmo-cutaneous, 184 

184; pulmonary, 184: 342 

342; systemic, 184, 184 

341, 342 
aperture, auriculo-ventricular, 338 
sinu-auricular, 337; 



urinogenital, 415 ^., 416 
Aplacentalia, 438, 440 
appendicular skeleton, 221-222 
aqueduct of Sylvius, 132: 307 

arch, see aortic; branchial, 120, 

123, 160, 163, 164: 330: 404, 404, 

406, 407, 408; hyoid, 66, 

122, 160, 160: 330; man- 
dibular, 122. 160, 160, 163, 164, 

216: 283, 286, 304, 330; 

pectoral, 221; pelvic, 221; 

visceral, 120, 123, 160, 160, 

163, 164 : 286, 328 ff.; 404 /., 404, 
406, 408; visceral, cartilagi- 
nous, 211, 216 jf., 217, 218 
archenteron, 15 /., 16, 21: 98, 101, 
102,106:250 
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(Amphioxut, pagea 1-61; frog, 62-228; 

area, opaca, 233, 248, 262, 275: 894; 

peUucida, 233, 247. 262, 255, 

275: 8W; vasculosa, 262, 

255, 256, 266, 275-277, 277, 

291: 432; vitellina, externa 

and interna, 262, 255, 275-277, 
277 

arterial system, 179 ^., 180, 181, 
182, 184: 291, 340 jf., 841, 848: 
406 

artery, allantoic, 297; see aorta; 

basilar, 182 ; branchial, 

40: 179 /., 180, 181, 181, 182; 

carotid, external and in- 
ternal, 180, 182, 183: 291, 329, 

341, 341, 842, 348; caudal, 

848 ; cerebral, 182 ; coe- 

Uac, 343, 348; commissural, 

182, 183; cutaneous, 182, 

185; genital, 343; inter- 

somitic, 280; lingual, 182, 

183; mesenteric, 343, 348: 

of mandibular and hyoid 

arches, 179, 182, 183: 275, 278, 

340, 341 ; omphalomesenteric, 

343: 432, 432; - — palatine, 182; 



pharyngeal, 182, 183; 



Sulmonary, 182, 184, 184: 329, 
88, 339, 341, 342, 848; 

renal, 343; sciatic, 343, 848; 

segmental, 280, 342; 

subclavian, 184: 841, 342, 343, 

348; umbilical, 343, 848: 

435, 436; vertebral, 184; 

- vitelline, 273, 283, 286, 290, 
291. 294, 338, 343: 432, 432 

articulation, jaw, 216 

asymmetry, of Amphioxus larva, 

49 Jf. 
atrial cavity, 46 #., 47, 48 
atriopore, 47, 49 
atrium, see atrial cavity^ auricle 
auditory, capsule, 211 /., 212, 214; 

organ, rudiment, 121: 282, 

283, 286, 321; organ, later 

history, 149 Jf., 160: 322/., 322; 

ossicles, 324-325; — pit. 



282, 283; 



sac, 140, 149, 



160:321Jf., 322, 322,329 
auricle, 176, 177: 283, 286, 291, 310, 
337, 339, 342, 348, 366 

auriculo-ventricular aperture, 338 
axis, of chick embryo, 243 

axons, of retinal cells, 320; of 

spinal nerves, 311 



von Baer, 299: 376 
basal, ganglia, 306; 



cranium, 211, 212, 213; 
of placenta, 449 



plate, of 



chick. 229-367; mammal, 368-454.) 

basilar chamber, 160, 151 

bat, amnion, 424; blastodermic 

vesicle, 890; cleavage, 381; noto- 

chordal canal, 397; placentation, 

439, 440; trophoblast, 389 
beak, 159: 328 
beating, of heart, commencement of, 

339 
belly stalk, 399, 400, 429, 430, 446 
between-brain, 129, 131, 183: 283, 

303, 804, 306 Jf., 810 
Bidder's organ, 167 
bUe duct, 167: 333; 

common, 333 

birth, 369 
bladder, gall 166, 167, 167: 333 

urinary, 170, 201 

blastocoel, 14, 16 : 93, 94, 96, 98, 102 

245, 246, 247, 248 
blastoderm, 238, 289, 240, 242-243 

at 30 hours, 275; at 

time of egg laying, 232, 283 ; 

growth of, 247 ff.; unincu- 

bated, 250 

blastodermic vesicle, 882, 383 Jf., 

384, 886, 886, 890, 399; , 

growth of, 384; hu- 
man, 399 

blastopore, 16, 18 #.; 98. 101 Jf., 
102, 118, 119, 120: 249 Jf.. 249, 

258, 268: 397-398; closure 

of, 103, 120; position of, 

105, 106 

blastula, 12, 14, 16: 92, 93 Jf., 94, 
96, 247, 247, 248: 383; sym- 
metry of, 96 

blood, cells, 266, 273; corpus- 
cles, 179: 350; islands, 178, 

179: 262, 255, 266, 271, 272, 277; 

origin, 17&-179, 178; 

vessels, 46: 271^., 273, 277; 

vessels, allantoic, 280, 299: 435, 

436; branchial, 179 #, 

180; origin, 178-179; 

rudiments in Amphi- 
oxus, 31 ; yolk-sac, 290, 

291 : 432-433, 432 ; see also artery, 
vein 

Blount, 246, 247 

body, cavity, 124, 170, 173: 350/., 

352; see also cadom; form 

of human embryo, 399 ff.; — - 
Malpighian, 200, 201, 205: 356, 

357, 359, 362; pineal, 130: 

307; pituitary, 132: 327; 



st-branchial, 331 , 331 ; 

— supra- 

— ultuno- 



poi 

pseudothyroid, 164; 
pericardial, 168, 164; 



branchial, 168, 164; vitreous, 

148: 320; wall, 282; 
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(Amphioxutt pages 1-61; frog, 62-228; 

body, Wolffian, 198 #., 199, 200: 
336» 367, 358, 369, 360 

bone, angular, 220; dentary, 

217, 220; dermal, of skull, 

214, 219-220; — ^— exoccipital, 

214,215; frontal, 219; 

fronto-parictal, 214, 219; 

lateral occipital, 215; maxil- 
lary, 214, 219; nasal, 214, 

219; orbito-sphcnoid, 215; 



palatine, 220; 



chick, 229-367: mammal, 368-454.) 

Carnivora, allantois, 434, 436; am- 
nion, 392, 424; implantation, 421; 
placentation, 439, 440, 441 ; uteri, 
372; yolk-sac, 433 

carotid, arch, 184, 184: 283, 341, 

342; gland, 163, 163, 182, 

184, 184 

cartilage, annular, 213, 217; 

basibranchial, 217, 218, 218 ; 

baaihyoid, 218; branchial, 

— cerato- 



sphenoid, 219; 



para- 217 Jf.. 217, 218; 



premaxillary, 214, 219; 

prootic, 215; pterygoid, 214, 

220; quadrato-jugal, 214, 

215, 220; septo-nasal (intra- 
nasal), 219; sphenethmoid, 

215; squamosa], 220; 

vomer, 220 

Bonnet, 384 

Bouin, 206 

Bowman's capsule, 199, 200: 367 

Brachet, 79, 86, 136, 179 

brain, 26, 28: 118, 121, 166: 262, 
266, 271, 278, 303 Jf.; 402 Jf. 
See also, flexure j nervous system ^ 
prosencephcdoTif etc. 

branchial, arches, 120, 123, 160, 160, 
163, 164: 330: 404, 404, 406, 407, 

408; blood vessels, 179 /., 

180 ; clefts, see gillf clefts; 

grooves, 66, 122; pouches, 

41: 122, 158, 160, 160, 163, 164: 
269, 278, 328 #., 329 

branchiomeric nerves, 135 

bronchi, 332 

buccal cavity, 42, 46: 327-328; 

cirri, 42, 44, 46 

bulbus aortae, 177, 178; ar- 
teriosus, 176: 282, 286, 291, 804, 
810, 336, 338, 339, 340 

bursa Fabricii, 334 

Bryce-Teacher, 442 

Csecal process, 336 

caecum (caeca), 36, 42, 55; 

intestinal, 336. 

camel, placentation, 439, 440 

canal, central, 134: 280, 306, 308; 

neurenteric, 16, 21, 26, 28 : 118, 

119, 120: 259: 397, 398, 400, 401; 

notochordal, 397-398, 397; 

semicircular, 160, 151: 322, 

323 

capsule, auditory, 211 ^., 212, 214; 

Bowman's, 199, 200: 367; 

olfactory, 210, 211, 212, 214, 

215; ovarian, follicular, 376; 

pronephric, 194, 197; 

sense, 210^. 



parietal, 219; branchial, 217, 218, 219; 



ceratohyal, 217, 218, 218, 219; 

hyoid, 217 /., 217, 218; 

infrarostral, 211, 212, 216, 

217; intervertebral, 209; 

labial, 210. 211, 212, 216; 

mandibular, 164 ; 



Meckel's, 211, 212, 216, 217, 220; 

mento-Meckelian, 217: 

mesotic, 212; occipital, 212; 

palato-quadrate, 164, 211, 

211, 212, 214, 215, 216 Jf.; 

parachordal, 210; quadrate, 

216; suprarostral, 210, 211, 

212, 215; trabecular, 210, 

211, 212, 213; vertebral, 208- 

209, 208 

cat, chromosomes, 377; fertilized 
ovum, 380; gestation, 369; ma- 
turation, 380; ovulation, 379 

cavity, amnionic, see amnion; 

body, 124, 170, 173: 350 Jf.; 

buccal, 42, 46: 327-328; 

gonadial, 56, 67, 58; inter- 

amnionic, 389, 391; inter- 
villous, 442, 447, 449; intra- 

placental, 446, 449; opercu- 
lar, 161, 168; ^^ parietal, see 

exoccelom; pericardial, 166, 

174, 176, 180, 192 : 262, 267, 275, 

810, 350 /., 361; perigona- 

dial, 56; peritoneal, 352; 

pleural, 351; preoral, 



26, 32, 33; 



segmentation, 



14, 16: 93, 94, 96, 99, 102: 245, 

246, 247, 248 ; subgerminal, 

245, 246, 248; tubo-tym- 

panic, 152; tympanic, 152: 

324 328 
cenrral, canal, 134: 280, 306, 808; 

cells, 244, 244, 246; 

nervous system, see nert)ous system 
cerebeUum, 129, 132, 133: 306, 307 
cerebral, hemispheres, 129, 131, 133: 
806, 306 ; — - suture, 274, 276 ; 



vesicle, 26, 36, 38 



cervical sinus, 406, 407 
cervix, uteri, 444 
chalazffi, 233, 234, 241 
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{Amphioius, pages 1-61; frog^ 62-228; 

chamber, air, 233, 234; anterior 

(eye), 317, 321; basilar, 160, 

151; laryngeal, 165, 166; 

posterior (eye), 146, 147 

317, 318 ; pronephric, 196, 197 

chiasma, optic, 129, 131, 133» 148 
306 

chick, embryo at 30 hours, 275 ff,; 

formation of embryo, 251 jj^., 

262, 256 #., 268, 260, outline 

of developmental history, 231; 

position in egg, 243, 299 

Chiroptera, see bal. 

choanffi, 164, 155, 158: 325 

chondrocranium, 210 ff. 

chorda, see notochord. 

Choriata, 438, 439, 440 

chorion, 69: 287, 288, 289, 292 #., 

294, 810, 361: 399, 400, 421, 438, 

439, 444, 446. 449; ectoderm 

of, 421 ; irondosum, 446; 

human, 399, 400, 444, 446, 449; 

laBve, 444, 446; later 

history, 424 jf., 426, 428, 480; 

relation to allantois, 430, 431, 

435; villi of, 438 ff.; see also 

viUi. 

choroid, fissure, 146, 146, 147: 310, 

318^., 318, 329; knot, 149; 

plexus, of III ventricle, 130, 

133: 806, 307; of IV 

ventricle, 134 : 306, 308 
chromosomes, number in Mammals, 

377 
cicatrix (cicatrices), 7, 67, 58: 236, 

240: 378 
cilia, superficial, 26: 116 
ciliarv process, 319 
circulation, allantoic, 299: 435, 436; 

yolk-sac, 290, 291 : 432-433, 

432 
cirri, buccal, 42, 44, 46 
clavicle, 221 
cleavage, 10, 11 ^., 12: 80, 91 ^., 

92 : 243 /., 244, 246 : 380 /., 382 ; 

accessory, 244, 246; 

delaminating, 93, 94; 



first, 

plane of, 11 : 89^.; 243: 382; 

gastrular, 99, 100; pores, 14 

cleft, see ffilL 

clitoris, 416, 416, 417 

cloaca, 169: 280, 296, 297, 334, 348; 
414 

cloacal, membrane, 297: 414 ff.y 
416; tubercle, 415, 416, 417 

closing plate, 449, 450 

club-shaped gland, 26, 32, 34, 36, 
40, 43 

coccygeal tubercle, 416 

cochlea, 160, 151:322,323 



chick, 229-367; mammal, 36S-454.) 

cochlear duct, 323 

ccelogastrula, 17 

ccelom, 31, 32, 47, 62 : 124: 266, 266, 

266-267, 294: 398, 402; 

branchial, 49; dorsal, 49; 

endostylar, 49 

coitus, relation to ovulation, 379 

collecting tubule, mesonephric, 867, 
358; metanephric, 358 

columella, 152: 213, 215 

commissure, anterior, 129, 183 : 806, 

306; habenular, 130, 183: 

806; pallial, 806; 

posterior, 132, 183: 806; 

spinal, 806 ; tubercular, 183 

common trunk, pronephric, 194 

concrescence, 103: 257/., 268 

condyles, occipital, 215 

confluence^ 103, 112: 257 Jf., 268 

contra-deciduata, 439 

copula, 217, 218, 219 

copulation path, 80, 80 

coracoid, 221 

cord, sex, 204, 204, 205: 362, 862; 

spinal, 37: 117, 118, 134, 184: 

308; sympathetic, 143, 143: 

312-313, 812; umbilical, 406, 

407, 408, 430, 444, 446 

cornea, 147, 149: 817, 321 

Corning, 136 

cornu (cornua), hyoid, 218, 219; 
trabecular, 210, 211, 212, 215 

corona radiata, 878, 376, 379, 880 

corpora quadrigemina, 183; 

striata, 306 

corpuscles, blood, 179: 350 

corpus luteum, 378 

cotyledons, 438, 448 

cow, gestation, 369 

cranium, 210 Jf. 

crescent, gray, 85, 86 

crest, neural, 119, 124, 136, 187, 139, 
142. 194:266,270,309 

cristSB, auditory, 323 

critical stage, 4, 54 

crop, 335 

crown-rump length, 407, 411 

crura cerebri, 132: 307 

cup, optic, 145, 146, 147: 316 Jf., 
317, 318 

cushion, endothelial, 838 

cutis, 53; plate, 171-172, 171: 

352-353 

Cuvierian sinus, see ductus Cuvieri 

cytotrophoblast, 422 ff. 

Daniel, 369 

Dasyurus, embryonic membranes, 

419; gestation, 370; placentation, 

419, 439, 440 
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iAmphioxus, pagen 1-61; frog, 62-228; chick, 229-367; mammal, 368-454.) 

Ear, 149 Jf., 160, 211 Jf., 212, 214: 
321 ff., 322; internal, 324; 



decidua, 439. 443; basalis, 443, 

444, 445, 447, 449, 450; capsu- 

laris, 442 ,443, 444 ; compact 

layer, 443; reflexa, 442, 443; 

serotina, 443; spongy 

layer, 443 ; vera, 443, 444, 450 

deciduata, 439 

** Deckschicht," 130 

deer, cleavage, 381: embryocyst, 
887: embryonic shield, 38t; fer- 
tilization, 381; gestation, 369; 
ovum, 373; placentation, 439, 440 

denticulate ligament, 49 

dermal, bones, of skull, 214, 219-220; 
fold, 52 

dermatome, 52, 62: 171-172, 171: 
294 352—353 

deutoplasm, 4, 6: 69, 74, 76: 230; 
see also yolk. 

Didelphia, ova, 418-419; embryonic 
period, 419 

Didelphys, blastodermic vesicle, 388; 
gestation, 370 

diencephalon, 129, 131, 138: 288, 
303, 804, 306 #., 310 

digestive tract, see alimentary canal. 

discus proligerus, 375 

diverticulum, gut, anterior, 26, 32-33, 
82, 86 ; Meckel's, 434 

dog, cleavage, 381: embryo, 394; 
embryonic shield, 393, 394; for- 
mation of embryo, 393 jf.; gesta- 
tion, 369: odgenesis, 876; ovary, 
876; ovulation, 379; ovum, 373; 
trophoblast, 388, 888 

dorsal aorta, see aorta 

dorsal, coelomic canal, 49; 

thickening (brain), 129, 131 

duct, bile, 167: 333; cochlear, 

323; mesonephric (Wolffian), 

199, 199, 202/.; 266; 294, 355 /., 

367, 358, 869, 360; meta- 

nephric,359,869; Mallerian,202Jf., 

203 : 886, 360-361 ; pancreatic, 

168; pronephric (segmental), 

193 Jf., 194, 196, 196, 198; 

reproductive, 202/.; 360/., 

thoracic, 191: 349; urino- 

genital, 202 /. 

ductus, arteriosus, 841, 348; 

BotaUi, 185: 342; chole- 

dochus, 167: 333; Cuvieri, 

1^5 jf., 192: 288, 286, 291, 310, 

329, 337, 344, 846, 361; 

cndolymphaticus, 160, 151: 322, 

822; venosus, 286, 291,304, 

333, 337, 344, 846, 848 

dugong, placentation, 440 

duodenal loop, 168 

duodenum, 386, 336 



middle, 152-153: 324; 
outer, 324; see also auditory. 

Echidna, ovum, 418 

ectoderm, 15, 16: 98 /., 98, 100: 
247, 249 Jf., 249, 253, 280: 385 Jf., 
386, 391, 395 Jf. 

egg, see ovum; membranes, 4, 

6, 8, 9, 10 : 69, 80, 81, 82: 288, 234: 

878, 374, 376, 380, 382; 

membranes, functions, 82; 

tooth, 328 

"egg," of fowl, 231 Jf., 288, 242 

elephant, gestation, 369; placenta- 
tion, 440 

EUiot, 172. 173 

embryo, axis of, 243; formation 

of, 251 Jf., 262, 256/., 268, 260: 

384 /.; position in *'egg," 

243, 299; see also human. 

embryocyst, 387, 892 

embryonic, membranes, 286 /., 287, 
288, 289: 417 /., 426, 428, 480; 

see also amnionf chorion etc.; 

comparison of mammalian 

and sauropsidan, 417; 

functions. 290, 296: 417-418; 



shield, 387, 888, 892, 393 /., 

394 
embryotrophe, 441, 442 
enamel organ, 220: 328 
endocardial septum, 266 
endoderm, 15, 16: 98, 100, 102: 247, 

249 /., 249, 253, 267 /.; 385, 886, 

390, 391, 391, 392, 395, 396; 

yolk-sac, 256, 272, 277, 289-290: 

390, 391, 426, 431 
endolymphatic, duct, 160, 151 : 322, 

822; sac, 152: 323 

endostyle, 34, 36, 40, 42, 43 
endothelial cushion, 888 
endothelium, 175-176, 176, 178, 187: 

266, 272, 274 
enterocoel, 21, 24, 26, 29, 30 
enterocoplic grooves, 110, 110, 114 
enteroderm, 121. 122 
enteron, 26, 29, 33 /.: 122-123, 158 

/: 326 / 
entoderm, see endoderm. 
entypy, 387, 389 
ependyma. 37 
ependymal cells, 134 : 308 
cpiblast, see ectoderm. 
epiboly, 15/; 98, 99: 251 
epicoracoid, 221 
epididymis, 362, 363 
epipharvngeal groove, 44 
epiphysis, 118, 118, 130, 181, 133: 

286, 804, 306, 307 
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(AmpAtozuff, pagea 1-61; frog, 62-228; 

epithelioid bodies^ 163, 163: 331 

epithelium, acustic, 323; folli- 
cular. 873, 374 ff.y 376; ger- 
minal, 361, 362; neuro-, 326; 

olfactory, 326 

Erinaceus, see hedgehog. 

erosion, of uterine wall, 422, 424; 

in classification of pla- 

centsB, 440-441 

ethmoid region, 215 

Eustachian tube, 152: 324, 328 

Eutheria, embryonic membranes, 
419^.; placentation, 437 Jf. 

excretory system, 53: 192 J^.; 355^. 

exoccBlom, 262, 266, 267, 272, 278, 
280, 281, 282, 287, 287, 288, 289, 
294 : 427, 428 ; human, 400 

external, form, chick embryo, es- 
tablishment of, 282 ff.; 

human embryo, 399 ff., 400, 401 

ff.; genitalia, 414 ff., 416; 

gills, 66, 161 

extra-embryonic ccelom, see exo- 
calom. 

eye, 66, 121, 144 ff., 144, 146 : 316 Jf., 

817, 318; see also optic; 

muscles, innervation, 315 

Face, development in human embryo, 
411 #., 412, 413 

Fallopian tube, 371, 372 

false amnionic cavity, 389, 391, 391 

fascia, 52 

fat bodies, 71, 72, 205 

feather papillae, 286 

Federow, 189 

fenestra vestibuli, 213 

ferret, ovulation, 379; placentation, 
440 

fertilization, 6, 9: 78, 79 ff.y 80, 86: 
240-24 1 : 379-380, 380 ; merid- 
ian, 79, 84 

Field, 194 

filtering organ, 162 

fimbriated opening, 311; during 

ovulation, 378 

fisauro, choroid, 146, 146, 147: 310, 
318 if., 318, 329; tubal, 328; 

ventral, 135 

fixation viUi, 442, 447, 448, 449 
flexures, of brain, 270, 283, 2S4: 404; 

corviciil, 284, 286, 308: 406, 

406, 406; cranial, 284, 286, 

304, 308; pontine, 308; 



chick, 229-367; mammal, 368-454.) 

folds, genital, 416, 416, 417; 



-of head and 



ventral, r2S, 130; 
tail, 402 ff. 
folds, amnionic 262, 283, 292 ff.: 
391, 392, 393, 396, 426, 426 ff., 

426, 427; amnionic, closure 

of, 293, 296, 297: 426, 426, 427; 



medullary (neural), 16, 21, 22, 23: 
261, 266, 268, 269, 270, 278: 398; 

mesoderm, 21, 24; met&- 

pleural, 40, 47, 47, 48; prim- 
itive, 253, 264; supraorbital, 

413, 414; suspensory, 49; 

tail, 280, 293, 296, 296, 297 Jf., 297 

follicle, Graafian, 376, 376; 

ovarian, 56, 67: 206, 236, 236, 
288, 239 : 378, 374, 376, 376, 378; 

ovarian rupture of, 378 

follicular epithehum, 378, 374 ff., 

376 
fontanelle, basicranial, 211, 211, 

212; supracranial, 213 

foramen (foramina), interventricular 

340; jugular, 211, 212, 212: 

magnum, 212, 213; of 



Monro, 131-132: 306; 
153 



ovale, 



fore-brain, 129, 131, 181: 262, 271, 

282, 302, 303 ff., 317 
fore-gut, 122, 159 ff.; 260, 261, 261, 

262, 268, 274, 276, 278, 326 Jf., 

329 
fovea, 69, 74 
frog, age, at maturity, 68; age, 

estimation of, 64, 127-128; 

''early embryo," 64, 66, 116, 120; 

metamorphosis, 67-68; 

outline of life history, 63 ff. 
frontal process, 412, 412 
fronto-nasal process, 325 
fundus, eye, 146: 319; uterus, 

372, 442 
furrow, intersomitic, 263 

Gall bladder, 166, 167, 167: 333 
ganglion (ganglia), acusticofacialis, 
136, 137, 167: 282, 283, 310, 329; 

basal, 306; ciliar>', 316; 

cranial, 309; crest, 136, 

137, 138 ; facial, see acustico- 
facialis; Gasserian, 140; 329; 



geniculate, 315, 329; 



glossopharyngeal, 136, 137; 

habenular, 130; jugulare, 

314; jugulare-nodosum, 309; 

nodosum, 196; 314, 329; 

ophthalmic, 138; petro- 

pneumogas- 
profundus. 



sum, 309, 329 ; 
trie, 137, 137; 

315; Remak's, Sl2; 

spinal, 135, 142, 143: 294, 309, 

"311; sympathetic, 144, 207, 

207: 364; trigeminal, 136, 

137,138,139, 140, 167: 283,286, 

310, 315; vagus, 137, 187, 

167 
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{Amphioxua, pagrt 1-61; frog, 62-228; 

gastro-hepatic ligament, 335 
gastrula, 16, 17, 19-20: 66, 99 #., 

98, 102, 104, 106: 249, 262, 257 

ff.; 385; rotation of, 98, 104, 

105 #., 106 

gastrular cleavage (groove), 9P, 100. 

gastrulation, 15 ^., 16, 17 : 99 ff., 98, 
102, 106, 111 ff.: 248 Jf., 249, 

251, 259; comparisons, Am- 

phioxus, 113 ff.; frog, 

111 ff.; chick, 259 

genital, folds, 416, 416, 417; 

ridge, 416; ridge (sex-cell), 

204, 204, 205; swelling, 416, 

416, 417; tubercle, 416, 416, 

417 

genitalia, external, 414 ff. 

germ, cells, 4, 6, 6: 66, 68^., 70, 81, 
86 : 232 ff., 233 : 372 ff., 373, 383 ; 

formation of, 64, 71 ff., 

199, 206: 361, 362, 363: 376, 

disc, see blastoderm; 

layers, 15 ff., 16, 21, 24 ff.: 98 ff., 

99, 102, 107 ff., 110, 111 ff.: 247, 
248 ff., 249, 262, 254, 264, 260, 
264, 272, 280: 385, 386, 390, 391, 
892, 395 ff., 396, 397, 398, 399; 

layers, inversion of, 389, 391 ; 

see also ectoderm, endoderm, meso- 
derm; ring, 16, 18, 24: 94, 

96, 96, 101, 112; wall, 247, 

247, 248, 264, 266, 268, 264, 272 

germinal, cells (nervous), 134: 308; 
epithelium, 361, 362 

gestation, duration of, 369 

gill, clefts (slits), 82, 35, 36, 39 ff., 
40,41,42,55:160:283,286:404/., 

404; first, 35, 40; 

primary, 82, 36, 39/., 40, 42 ; 

secondary, 39 ff., 40; 

tertiary, 41, 55; 

vestiges of, 162, 163, 164: 

330, 831 ; filaments, 162 ; 

plate, 66, 122; pouches, 41: 

122, 158, 160, 160, 163, 164: 269, 
278, 328/., 329; rakers, 180 

gills, external and internal, 66, 161, 

180, 181 
gizzard, 336, 336 
gland, carotid, 163, 168, 182, 184, 

184; club-shaped, 26, 32, 

34, 36, 40, 43 ; uterine, 443, 

445 
glans clitoridis, 416; penis, 

416, 416, 417 
glia cells, 134: 308 
globular process, 413, 413 
glomerulus, 182, 184, 196-197, 196, 

198, 199, 200 
glottis, 165, 166:332 



ehiek, 229-367; mammal, 368-454.) 

gonad, 6, 55 /., 67 : 71-73, 72, 203 
/., 204, 206: 836, 361 ff., 862. 
See also ovary, testis. 

gonadial cavities, 56, 67, 58 

gonocoel, 7, 56, 67 

gonoducts, see ducts, reproductive. 

gono-nephrostome, 56 

Goodrich, 53 

Graafian follicle, 376, 376 

Graf von Spec's Embryo G/c, 400, 401 

granulosa eel Is, 71 : 237, 289 : 876, 376 

gravitational plane, 86 

gravity, as a factor in determining 
symmetry, 86/. 

gray crescent, 85, 86 

groove, branchial, 66, 122; 

enterocoelic, 110, 110, 114; 

epipharyngeal, 44; hyper^ 

branchial, 44; interventricu- 
lar, 338; intestinal, 281, 281; 

laryngo-tracheal, 332; 

medullary (neural), 66, 111, 117, 

120: 263, 269: 401; of Hat- 

schek, 36, 40, 46, 46; olfac- 
tory, 164; pleural, 310, 861; 

primitive, 119,120: 252,262,. 

253, 264, 263, 268 : 395, 896, 398» 
401 

Grosser, 424, 440 

guinearpig, amnionic cavity, 389, 
424; gestation. 369; implantation, 
421 ; notochoratd canal, 397; ovum 
373; trophoblast, 389 

gut, 26, 29, 33/.: 122, 158/.: 326/.: 

402/.; diverticula, anterior, 

26, 32-33, 32, 36; postanal, 

170: 280, 296. 296, 334; 

preoral, 262, 304, 328, 829 

Guyer, 377 

Haemotrophe, 441 

Halicore, placentation, 440 

Hall, 198 

Harrison, 156 

hatching, 26: 66: 299-300 

Hatschck's groove, 36, 40, 46, 46; 
nephridium, 36, 42, 46, 46 

head, cavity, 26, 32, 33; fold, 

262, 260, 260, 261, 262, 263, 278, 

281; fold, of amnion, 262, 

292: 426, 427; kidnev, 193; 

process, 262, 253, 259: 395 

heart, 118, 125, 166, 174/., 176, 176, 
182 : 262, 266, 273 /, 276, 278, 
286, 291, 304, 337 /., 338, 342, 

351 : 402 /.; commencement 

of beating, 339; lymph, 189, 

191:349-350 

heat, effect upon symmetry, 88; see 
also ctstrus. 
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(Amphioxtu, paget 1-61; frog, 62-228; chick, 229-367; mammal, 368-454.) 



hedgehog, blastodermic vesicle, 888; 
cleavage, 381; notochordal canal, 
398; trophoblast, 389; trophoderm, 
422; yolk-sac, 433 

Held, 142 

hemispheres, cerebral, 129, 131, 188 : 
806»306 

Hensen's node (knot), 262, 253, 257, 
260:394,395,396 

hernia, intestinal, 408 

Hertwig, 439 

HiU, 303: 419 

hind-brain, 129, 131, 132, 188 : 262, 

271, 276, 303; gut, 122, 169- 

170: 279, 296, 296, 327, 334 

hippopotamus, placentation, 440 

His^s Embryo M , 403, 404 

horse, gestation, 369; implantation, 
421; placentation, 439, 440; yolk- 
sac, 433 

Hover, 190 

Hubrecht, 385, 421 

human embryo, early development, 
399, #.. 400, 401; ex- 
ternal form, 399, jBf.; 

face, 411, Jf., 412, 413; 

measurement of, 407; 



structure at 2.6 mm., 405 ff.^ 

406. See also man. 
humor, vitreous, 148: 320 
Huxley, 439 
hydatici, 372 
hyobranchial, apparatus, 217, 218, 

218, 219; pouch, 162 

hyoid arch, 66, 122, 160, 160: 330; 

cornu, 218, 219 

hyomandibular pouch, 160, 160, 161, 

162:324,330 
hyperbranchial groove, 44 
hypoblast, see endoderm. 
hypobranchial plate, 217, 218, 218 
hypochordal rod (hypochorda), 169, 

194 204 
hypophysis, 118, 121, 130, 131, 132, 

133, 166 : 304, 306, 327, 829 
Hyrax, placentation, 440 

Ilium, 221 

implantation, 378, 421 ff.; 

central, eccentric, interstitial, 421; 

of human "ovum," 442 

incubation, 231 

incus, 325 

indifferent period, genitalia, 416; 

gonad, 361-362 

infundibulum (brain), 38, 39: 130, 

130, 131, 133, 145, 160 : 262, 282, 

304, 305, 306; of oviduct, 203 : 

236, 236, 360: 371, 372 ; 

during ovulation, 378 



inner cell mass, 882, 383, 884, 385, 

886,890 
Insectivora, amnion, 885, 424; blas- 
todermic vesicle, 885. 886, 387; 

cleavage, 381; germ layers, 886; 

implantation. 421; placentation, 

440; trophoblast, 389 
integumentary organs, 156 
interamnionic cavity, 389, 891 
interauricular septum, 177: 888, 339 
intermediate cell mass, 173, 193: 265- 

266, 265: 355 
internasal plate (septum), 210, 211, 

215 
intersomitic furrow, 268 
interventricular, foramen, 340; 

septum, 888, 340 
intervillous cavity, 442, 447, 449 
intestinal, csca, 336; groove, 

281, 281; hernia, 408; 

portal, anterior, 261, 262, 266, 269, 

272, 276, 278, 282, 291, 804, 845 ; 

posterior, 280 

intestine, 122, 168-169: 335 #., 886, 

848 
intra-placental cavity, 446, 449 
invagmation, 15 ff.: 99 Jf., 96, 107, 

111/, 
inversion, of germ layers, 389, 891 
involution, 15 ^.: 249 
iris, 147, 149: 317, 319, 321 
ischium, 221 
isthmus (brain), 262, 288, 285, 804, 

307; (oviducal), 286, 236 

iter, 307 

Jackson, 408, 411 

Jacobson's organ, 154, 155 

jaws, 325, 327, 328: 412, 412, 413, 

413; articulation, 216; 

horny, 159, 166 
jejunum, 829, 336 
Jenkinson, 88, 89 
junction, zone of, 247, 268, 277, 277 

Keibel and Elze's Embryo, Klh., 401, 

402 
kidney, 359: head, 193 



Kirkham, 378 
knot, choroid, 149; 



Hensen's 



(primitive), 262, 253, 257, 260: 

394, 395, 396 
Knower, 189 
Kolliker 439 
Kollmann's Embryo, BuUe, 401, 402; 

2.5 mm., 402 

Labia, majora and minora, 415, 416 , 
417 
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(AmphioxuM, page* 1-61; frog, 62-228; chick, 220-367; mammal, 368-454.) 

labyrinth, 152: 324; bony, 



cartilaginous, membranous, 324 
lactation, 370 
lagena, 160, 151:822, 323 
lamina terminalis, 129. 181 : 270, 306 
Langhans, cells of, 446, 447 
larva, Amphioxus at the critical 

stage, 4, 54 
laryngeal chamber, 165, 166 
laryngo-tracheal groove, 332 
larynx, 829, 332 
latebra, 239, 243, 246 
lateral, dorsal aorta, 179, 180, 182 : 

272, 291, 292, 341; folds, 281, 

281; of amnion, 293; 

line nerve, 142, 156, 157; 



line organs, 141, 156, 167; 

mesocardia, 344, 350 ff., 861; 

plate, 31: 123-124, 170, 171, 

194 : 263, 278 
Legros, 53 
Lemurs, allantois, 434, 436; placen- 

tation, 440 
length, of human embryos, 407, 411 
lens.146-148, 146, 147 : 288, 316, 817, 

318, 818, 320-321; placode, 

146 
lenticular zone, 319 
life history, Amphioxus, 3; 

chick, 231; frog, 63 ff.; 

Mammal, 369 ff. 
ligament, denticulate, 49; gas- 

tro-hepatic, 335; interverte- 
bral, 209; uterine, 872 

Lillie, 277; quoted, 299-300, 352 
limbs (and buds), 66, 128: 286, 286, 

847 : 406, 406, 409 
lips, 158, 159, 166:413,418 

liquor, amnii, 430; folliculi, 376 

liver, 36, 42, 55: 118, 122, 159, 165, 

166, 167 : 804, 332-333, 886, 846, 

848, 861 
lobe, olfactorv, 129: 806; optic, 

129, 132: 307 
lobus olfactorius impar, 38 
loculi, placental, 448 
Loeb, L., 378, 442 
lung, 67, 165, 167: 804, 810, 332, 

886, 351 

lutein, 378; cells, 378 

lymphatic, hearts, 189, 191 : 349-350; 

sacs, 191; sinuses, 190- 

191, 190; system, 189-191, 

190 ; tissue, 168 

Maculs?, acustic, 323 
Mall, 407, 411 
malleus, 325 

Malpighian bodies, 200, 201, 205 : 356, 
357, 359, 362 



Mammal, outline of life history, 
369 Jf. 

man, allantois, 435 ff.; amnion 
formation, 428 jf., 480 ; amnionic 
cavity, 399, 400, 424, 444, 446; 
blastodermic vesicle, 399. 400; 
chorion, 444, 446, 446; cnromo- 
some number, 377; embryo, early, 

399, 400, 401 ; development 

of external form, 399 ff.; in 

utero, 446; exocoelom, 429, 433; 
eerm layers, 896 ; gestation, 869 ; 
lutein, 378: mesoderm, 399, 400; 
notochordal canal, 398; ovary, 371, 
872 ; oocyte, 878 ; placenta, 442/., 
444, 446; placentatlon, 439, 440, 
441; proamnion, 429; reproductive 
system, female, 872 ; trophoblast, 
389; trophoderm. 422; uterus, 
gravid, 444; yolk-sac, 433 ff.; 
yolk-stalk, 444, 446 

mandibular arch, aortic, 179. 183: 

275, 278; cartilaginous, 

164, 216; visceral, 122, 

160, 160, 168 : 288, 286, 804, 330; 

process, 404, 404, 406, 407, 

412, 412 ; ridge, 158 

Manis, placentation, 440 

marginal, cells, 244, 245-246, 246; 

notch, 268 ; sinus, 252, 262, 

255, 290: 481, 432, 482, 449, 449 

margin of overgrowth, 247, 249, 268, 
277, 277 

Marshall, 378, 442; quoted, 67- 

68; -^ — and Bles, 183, 201 

Marsupialia, embrvonic membranes, 
419; gestation, 370, 419; ova, 418- 
419; phicentation, 419, 437, 439, 
440 

marten, placentation, 440 

mass, inner cell, 882, 383, 884, 385, 

886, 890; intermediate cell, 

173, 193: 265-266. 266, 355 

maturation, 6, 8, 9: 73 ff., 76, 82/.; 
240, 340, 341: 374, 376-377 

Maurer, 180 

maxillarv process, 404, 406, 407, 412, 
412 

measurement of human embrvos, 407, 
411 

meatus. 325 

Meckel's diverticulum, 434. See 
also cartilage 

medulla (oblongata), 117, 129: 308 

medullary folds, 16,21, 22. 23: 261, 

266, 268, 269, 270, 278: 398; 

furrow (groove), 269: 894, 896, 398, 

401 Jf., 401 ; plate, 21, 22, 23: 

110-111, 110, 117, 120, 124, 187, 
194 : 262, 253, 260, 261, 268, 264, 
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(AmphioTu*, page* 1-61; frog, 62-238; 

medullary furrow, 269; tube, 

270, 278. See also, neural, 

membrana granulosa, 71 : 237, 239 : 
376, 376 

membrane, anal, 414, 416; 

cloacal, 297: 414 /., 416; 

embryonic, 286 /., 287, 288, 289, 

290, 295: 417 Jf.; of egg, 4, 6, 

8, 9, 10: 69, 80, 81, 82: 233, 234: 

373, 374, 376, 380, 382 ; of 

egg, functions of, 82; of egg, 

swelling of, 81 ; oral, 132, 158, 

159, 164 : 261, 262, 269, 276, 282, 

804, 327: 412, 412; peri- 

viteUine, 6, 9; pleuro-perito- 

neal, 352; sheU, 233, 234, 241 ; 

—tympanic, 152, 213: 325; 



lu-inogemtal, 414 ff.: 416; 
vitelline, 4, 6, 8: 69: 232, 233, 246, 
247, 287 : 374 

menstruation, 379, 421 

meridian, fertilization, 79, 84 

mesencephalon, 129, 131, 132, 133: 
262, 270, 271, 283, 303, 304, 306, 
307 

mesenchyme, 138, 139, 140, 141, 171, 
172: 264, 309, 353 

mesenteron, 26, 29: 118, 122 ff.: 
334 Jf. 

mesentery, dorsal and ventral, 174, 
204, 204 : 335, 361 

mesocardium, dorsal and ventral, 

175, 176, 192: 272, 274; 

lateral, 344, 350 ff., 361 

mesoderm, 21, 24, 26, 29 ff. : 99, 102, 
107, Jf., 123, 137, 170, 194: 262, 
253/, 264. 266, 262 Jf., 263, 272, 
278, 294: 395, 396, 398, 399, 402; 

bands, 24; cajloraic, 255, 

266; folds, 21, 24; formation 

in frog compared with Amphioxus, 

114 ff.: gastral, 24, 26: 114- 

115: 259, 262; lateral plate of, 

31: 123-124, 170, 171, 194: 263, 

278; peristomial, 26: 114- 

115: 259, 262; somatic and 

splanchnic, 31: 124, 124, 170: 266, 
266, 266-267, 272, 277 ; yolk- 
sac, 426, 432 

mesogastrium, 335 

mcsohcpaticum, 187, 192 

mosoncphroa, 193, 198 #., 199, 200: 
336, 348, 355, 356 Jf., 367, 369; 

disappearance of, 358; 

duct of, 199, 199, 202/.: 266, 294, 

355 Jf., 367, 358, 369. 360; 

tubules of, primary, secondary, 
tertiarv', 294, 356-357, 367, 369, 
362; - — units, 198/., 199, 200; 
vestiges of, 360 



chick, 229-367; mammal, 368-454.) 

mesorchium, 202, 205: 363 

mesovarium, 71. 202, 205: 286, 236, 
361:371,872 

metagastrula, 383 

metamerism, 265 

metamorphosis of tadpole, 67-68 

metanephrogenous tissue, 359 

metanephros, 355, 358 ff.; duct 

of, 359, 369 ; tubules of, 358- 

359, 369 

metapleural folds, 40, 47, 47, 48 

Metatheria, gestation, 419; ova, 
418-419 

metencephalon, 129, 132, 133: 283, 
303, 304, 307 

micropyle, 9: 79: 374 

mid-brain, 129, 131, 132. 133: 262, 
270, 271, 276, 283, 303. 304, 306, 
307; gut, 167, 169: 327, 334 

Minot, 422 

mole, amnion cavity, 393; amnion 
folds, 428; germ layers, 396; noto- 
chordal canal, 397, 398; primitive 
streak, 396 ; yolk-sac, 433 

Monodelphia, embryonic mem- 
branes, 419/. 

Monotremata, ova, 418; placenta- 
tion, 439, 440 

Monro, foramina of, 131-132: 306 

mons veneris, 417 

morula, 382, 383 

mouse, amnion folds, 424; blasto- 
dermic vesicle, 384; chromosomes, 
377; cleavage, 381 ; false amnionic 
cavity, 389; gestation, 369; im- 
plantation, 421; lutein, 378; ovu- 
lation, 379; ovum, 373; polar 
bodies, 377, 378; sperm entrance, 
380; Trager, 389; trophoblast, 389 

mouth, 34, 36, 40, 42, 44, 47 : 66, 118, 
122, 128, 158, 166: 269, 804, 327: 
404, 412, Jf., 412 

mucosa, uterine, 443 

Mullerian duct, 202 /., 203: 336, 
360-361 

muscle, fibrillse, 172: 353; of eye- 
ball, innervation, 315; plate, 

171, 171 : 352-353 

musculature, ventral, 53 

Mustelidse, placentation, 440 

myelencephalon, 117, 129, 132, 133, 
134: 283, 286. 303, 304, 307 

myocoel,31, 48, 62 : 124, 125, 170:265, 
266 

myocardium, 266, 272 

myocommata, 172 

myotome, 31, 48, 51, 62: 123, 171, 
171, 194 : 294, 352-353 

Nares, 164, 155:325-326 
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iAmphioxus, poQCM 1-61; /roy, 62-228; 

nasal septum, 413, 413 

nephridia, 40, 53, 64 

ncphridium of Hatschek,86, 42, 46, 46 

nephrostome, mcsonephric, 201 : 358; 

metanephric, 359; pro- 

nephric, 194, 195, 196, 196, 198; 
common, 197, 199 

nephrotome, 173, 193: 265, 266, 355, 
356 

nerve, branchiomeric, 135; 

cranial, 135, 136/.: 313,/.; 

abducent (vi), 142: 315; 

auditory (viii), 140, 167 : 

314; facial (vii), 140, 

141: 315; glosso- 
pharyngeal (ix), 141: 314, 329; 

hypoglossus (xii), 313; 

lateral line, 142, 156, 

157; oculomotor (iii), 

142: 315; olfactory (i). 



316, 326; 
320; 



optic (ii), 316, 



pneumogastric (x), 

141: 314, 329; — spinal 

accessory (xi), 314, 329 ; 

trigeminal (v), 138, 140: 286, 315; 

trochlear (iv), 142: 315; 

vagus (x), 141: 314. 

329; vagus, visceral 

branch, 142; spinal, 135, 142- 

143, 173: 311 Jf., 312; 

axons of, 311; roots of, 

142, 143: 311, 312; 

table of arrangement, 173 
nervous system, central, 20-23, 21, 
27-28, 37-39, 38: 116 Jf., 128 Jf.; 

269 Jf., 302 Jf., 302 ; 

peripheral, 135 fi.; 311 ff.; 

sympathetic, 143-144, 143: 

312-313, 313 

"nests," of ovarian cells, 206, 206: 
237.363:374 

neural, crest, 119, 124, 136, 137, 139, 

142, 194: 265, 270, 309; folds 

(ridges), 16, 21, 22, 23: 261, 266, 

268, 269, 270, 278: 398; folds, 

lateral, 66, 111, 117, 120; 

folds, transverse, 66, 99, 111, 117; 

groove, 66, 111, 117, 120: 

263, 269: 401; plate, 21, 22: 

66, 110-111, 110, 117, 124: 269, 

270, 278; sheath, 52; 

tube, 21, 27: 270, 274, 278: 398 

neurenteric canal, 16, 21, 26, 28: 118, 
119. 120: 259: 397, 398, 400 ,401 

neuroblasts, 135: 308 

neurocoel, 21, 27 

neuro-epithelium, 326 

neuroraeres, 128: 271, 302-303, 302 

neuropore, 22,26, 32, 36, 38 : 118, 128: 
270 



chick, 229-367; mammal, 368-454.) 

node, Hensen's, 262, 253, 257, 260: 

394. 395, 396 
non-deciduata, 439 
notch, marginal, 268 
notochord, 16, 21, 23, 26, 28-29: 121 

#., 208-210, 213: 260, 262, 264, 

266, 266, 268, 268, 278, 304: 398, 

402 
notochordal, canal, 397-398, 397; 

sheath, 52: 208, 208 

notogenesis, 99/., 98, 106, 112/. 
nuclei, of periblast, 246-247 
nucleus, of Pander, 243, 247; 

volk, 74, 76 : 376 
Nussbaum, 205 

Occipital condyles, 215 

oesophagus, 159, 166, 168, 169: 304, 
329, 332, 335 

oestrus, 378; relation to ovula- 
tion, 379 

olfactory, capsule, 210, 211, 212, 214, 

215; epithehum, 326; 

groove, 164 ; lobes, 129: 306; 

organ, 146, 153 /., 164: 325 

/.; pit, 38, 38: 153, 164, 160: 

325: 407, 412, 412; placode, 

131, 153, 164 ; process, 412, 

412 ; recess, 129 

omosternum, 221 

oocytes, 74, 76 : 237, 238 

oogenesis, 7: 73 /., 76: 237, 238: 
374/. 

odgonia, 7: 237, 363 

opercular cavity, 161, 163 

operculum, 67, 161, 163, 180; 

(auditory), 153, 213 

optic, chiasma, 129, 131, 133, 148 

306, 306; cup, 145, 146, 147, 

148: 316 /., 317, 318 ; lobes 



129, 132: 307; 



recess, 130 



133, 148: 262, 303, 304, 306, 306 

stalks, 129, 144, 146, 147, 

148, 160: 303, 316, 317, 318, 320 

thalami. 129, 148: 307, 320 

vesicles, 144, 146, 147: 266 

271, 274, 276, 282, 283, 316 /. 
317, 318, 329 ; vesicle, ante- 
rior chamber, 317, 321 ; 



posterior chamber, 146, 147: 310, 
317, 318 

opossum, blastodermic vesicle, 388; 
gestation, 370 

oral, cirri, 44, 46 ; hood, 42, 44, 

46; membrane (plate), 132, 

158, 159, 164: 261, 262, 269, 276, 

282, 304, 327: 412, 412; 

sinus, 404, 412 ; sucker, 66» 

66, 120, 164, 180 

or a serrata, 319 
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{Amphioxtu, page* 1-61; frog, 62-228; 

organs, of lateral line, 141, 156, 167 

Ornithodelphia, ova, 418 

Ornithorhynchus, ova, 418 

ossicles, auditory, 324-325 

ostium (oviducal), 72, 73, 203: 236, 
236, 360: 371; during ovula- 
tion, 378 

otocyst, 140, 149, 160 : 283, 286, 322, 
322 

ovary, 6, 7, 66 /., 67: 71, 72: 236, 

236, 363: 371, 372; foUicular 

capsules of, 56, 67: 206: 236, 236, 
238, 239: 373, 374, 376, 376, 378; 
stroma of, 205: 361, 362 

overgrowth, margin of, 247, 249, 268, 
277, 277 

oviduct, 72, 202, 203 : 236, 236, 360 
Jf.: 371 372 

ovulation, 78: 240^.: 377-37§; 

relation to coitus and parturition, 
379 

ovum, 4, 6, 6, 10, 17: 66, 68#., 70: 
232 Jf., 233: 372 /., 373, 376; 

at time of laymg, 70: 232/., 

233; formation of, 236 ff.; 

human, f373, 373 ; lon- 

?;evity of, 379; number 
ormed, 78; polarity of, 4, 5, 

6, 10, 11, 17: 69,70, 83; 

production of, 236-237, 242; 

sizes, 373; symmetry, 4, 6, 

10, 11, 17: 70, 80, 83 Jf., 87, 88 Jf. 
"ovum," the mammalian blastoder- 
mic vesicle and ovum, 399 
Owen, 439 

Pabulum, 441 

pancreas, 167, 167: 333, 336, 346 

pancreatic duct, 168 
Pander, nucleus of, 243, 247 
papillae, acustic, 323; feather 

286 
parachordae, 210 
paradidymis, 362 
paraphysis, 131: 306, 306 
parencephalon, 304 
parietal cavity, see exoccBlom 
paroophoron, 363 
parovarium, 363: 372, 376 
pars basilaris, 160, 151 
parturition, 450; relation to 

ovulation, 379 
Patterson, 241, 248 

Pearl, 241; and Curtis, 241 

pecten, 320 

pectoral and pelvic arches, 221 

penetration path, 79, 80, 81, 84 

Penis, 415, 416, 417 
erameles, embryonic membranes, 
419, 420; placentation, 419, 439 



chick, 229-367; mammal, 368-454.) 

periblast, 243 ; central, 245, 246 ; 

marginal, 244, 245, 246, 277; 

nucleation, 246-247 



pericardial cavity, 166, 174, 176, 180, 

192: 262, 267, 275, 310, 350 ff., 

361 
pericardio-peritoneal septum, 191- 

192 
perigonadial cavity, 56 
perilymph, 152: 324 
perineum, 414 

peripharyngeal bands, 42, 43 
peripheral nervous system, 135 ff: 

311 Jf. 
peritoneal cavity, 352 
peri vitelline, membrane, 6, 9; 

space, 4, 6, 9, 10 : 80, 81 : 374 
Peters 442 

phflBochrome tissue, 206-207, 207 
phaUus, 415 Jf., 416 
pharynx, 33: 118, 159, 160: 262, 269, 

272, 278, 304, 328 Jf., 329 
Phascolarctos, placentation, 439 
pig, allantois, 436; amnion, 392; 

testation, 369; implantation, 421; 

lutein, 378; notochordal canal, 

398; placentation, 439, 440 
pigeon, gastrulation, 248 ff.; odcyte, 

239 ; nucleation of periblast, 246- 

247 
pigment, of ovum, 66, 69, 80, 85, 86 ; 

of blastula, 97 

pineal body, 130: 307 

pinna, 413, 414 

pit, auditory, 282, 283: 



l>, uuvxiWAjr, MWM, m^^^m m - 01* 

factory, 38,38: 153, 164, 160: 325: 

407, 412, 412 ; preoral, 26, 32. 

33, 44#.; primitive, 262, 253, 

257 y 260: 398 

pituitary body, 132: 327 

placenta, 391, 426, 430, 437 #., 

444, 446, 447, 448 Jf., 449; 

basal plate of, 449; classifica- 
tion, 438 ff.; cotyledonary, 

439: discoid, 439; dis- 

coiaalis, 440, 441 ff.; endo- 

theliochorialis, 440; epithelio- 

chorialis, 440-441 ; hspmocho- 

riaiis, 441 /., 446; human, 441 

Jf., 444, 446, 448 Jf., 449 ; loculi 

of, 448; partial, 440; 

syndesmochoriaus, 441; zo- 

naria, 440; zonary, 439; 

zono-discoidalis, 440 

PlacentaUa, 438, 439, 440; vera, 

440; embryonic mem- 
branes of, 419/. 

placentation, defined, 437 

placode, 138, 139 : 310; auditory 

139, 149; facial, 139; 
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{Atnphioxua, paget 1-61; frog, 62-228; ehiek, 229-307; mammal, 368-454.) 

placode, glossopharyngeal, 329 ; 

lateral line, 156; lens, 146; 



olfactory, 131, 153, 164; 
vagus. 329 

plane, first cleavage, 11: 89 ff.; 243: 

382; gravitational, 86; 

of symmetry of ovum, 4, 6, 10, 11, 

17: 70, 80, 83 Jf., 87, 88 ff.; 

of blastula, 96 

plate, anal, 280. 296, 296, 297, 334; 

basal, placental, 449; 

basal, cranial, 211, 212, 213; — ;- 

closing, 449, 450; cutis, 

171-172, 171: 352-353; giU, 

66, 122; hypobranchial, 217, 

218, 218 ; internasal, 210, 211, 215; 

lateral, 31: 123-124, 170, 171, 

194: 263, 278; medullary 

(neural), 21, 22: 66, 110-111, 110, 

117, 124: 269, 270, 278; 

parachordal, 210, 211 ; primi- 



tive, 247, 262, 253, 264 ; 
123; — - velar, 162, 180; 



sense 



vertebral, 170, 194 : 263, 278 

plectrum, 153, 213, 214 

pleural, cavity, 351; groove, 

310, 361 

pleuro-peritoneal membrane, 352 

plexus, choroid, of iii ventricle, 130, 

138: 306, 307; of iv 

ventricle, 134: 306, 308; pre- 
vertebral, 312; splanchnic, 

312 

plug, yolk, 66, 99, 101, 102, 120 

polar bodies, 6, 8, 10: 70, 76, 81, 82: 
340,341:377,378,380 

polarity, of ovum, 4, 5, 6, 10, 11, 17: 
69,70,83:232-233 

polyspermy^ 79: 241 

pons VaroUi, 307 

pore, cleavage, 14 

portal, intestinal, anterior, 261, 262, 
266, 269, 272, 276, 278, 282, 291, 

304, 346 ; posterior, 280 ; 

see also vein. 

position of embryo in *'ovum," 243; 
change in, 284 

postanal gut, 170: 280, 296, 296, 334 

postbranchial bodies^ 331, 331 

pouch, branchial (gill). 41, and see 

potichf visceral; nyobranchial, 

162; hyomandibular, 160, 

160, 161, 162: 324, 330; 

SeesseFs, 304, 328, 329; vis- 
ceral, 41: 122, 158, 160, 160, 163, 
164: 269, 278, 328 Jf., 329 

preoral, cavity, 26, 32, 33; gut, 

262, 304, 328, 329 ; pit 26, 32, 

33, 44 ff. 

pressure, effect upon symmetry, 88 



Primates, allantois, 434, 436; am- 
nion tormation^ 424; endoderm 
formation, 385; implantation, 421; 
ovulation, 379; placentation, 439, 
440; proamnion, 428; trophoblast, 
389; trophoderm, 422; uteri, 372; 
yolk-sac, 433 

primitive, folds, 253, 264; 

froove, 119, 120: 252, 262, 253, 
64, 263, 268: 395, 396, 398, 401; 

knot, 262, 253, 257, 260: 394, 

395, 396 ; 200 : 398 ; plate. 



247, 262, 253, 264; 



streak. 



119, 120: 251 Jf., 262, 264, 268, 
260, 274: 394, 395, 396, 398, 401; 

streak, relation to embryo, 

256 ff., 268, 260 

proamnion, 262, 255, 260, 262, 263, 
263, 266, 274, 282, 292: 426 Jf. 

process, ascending, of palato-quad- 

rate, 211, 211, 214; cscal, 

336; ciliary, 219; frontal, 

412, 412; fronto-nasal, 325; 

globular, 413, 413 ; head, 

262, 253, 259: 395; mandib- 
ular and maxillary, 404, 404, 406, 

407, 412, 412; olfactory, 412, 

412 ; transverse, 209 

procoracoid, 221 

proctodeum, 66, 118, 119, 120, 169: 
334:414 

Proechidna, ova, 418 

pronephric, capsule, 194, 197; 

chamber, 196, 197; duct, 160» 

193 ff: 355 ff.; see also ductf 
Wolffian; tubules, 160, 194, 

195, 196, 196: 355 
pronephros, 66, 125, 193/:, 194, 196, 

196, 199 : 355 ff.; degenera- 
tion of, 197-198, 199 

prooestrus, 379 

prosencephalon, 129, 131, 131 : 262, 

271, 282, 303, 317 
Prototheria, ova, 418 
protovertebra, 51 
proventriculus, 336 
pseudothyroid body, 164 
pubis, 221 

pulmo-cutancous arch, 184, 184 
pulmo-enteric recess, 361 
pulmonary, arch, 184: 342, 342 ; 

tract, 331-332 
pupil, 146:318,318 

Rabbity allantois, 426, 431, 434 ff; 
amnion, 424 ff., 426, 426 ; amnion 
cavity, 428,J431 ; blastodermic vesi- 
cle, 382, 384, 384, 426 ; chorion,426, 
426, 431 : cleavage, 381, 382 ; em- 
bryonic shield, 393; endoderm, 393; 
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iAmphioxu», pages l-6\; frog, 62-228; 

rabbit, exoc(Blom,431, 432; formation 

of embryo, 393 ff.; gestation, 369; 

implantation, 421, 422; lutein, 

378; morula, 382; notochordal 

canal, 398; ovary, 371; ovulation, 

379; ovum, 373; proamnion, 426, 

426; trophoblast, 388, 388, 425; 

trophoderm, 422, 426 ; villi, 425 ; 

yolk-sac, 431, 431 
" R&derorgan,'' 36, 40, 42, 46, 46 
Radford, 191 
ramus, communicans, 135. 143, 143: 

312, 312, 313; lateralis, x 

cranial nerve, 156 
rat, false amnion cavity, 389, 390; 

gestation, 369; inversion of germ 

layers, 389, 390; ovulation, 379; 

trager, 389, 890 ; trophoblast, 389, 

390 
Rauber's layer, 388, 388, 395 
recessus, mammillaris, 133; 

olfactorius, 129; opticus, 130, 

133, 148: 262, 303, 304, 306, 306; 

pulmo-entericus, ^61 

rectum, 118, 167, 170: 297, 336, 336 
regulation, in ovum, 86 ff. 
Rejsek, 422 
reproductiive, ducts, 202 ff.: 360 ff.; 

system (organs), 55 ff.^ 67: 

71 Jf., 72, 201 jf., 203, 206: 234- 

236, 236, 359/.: 371-372 
rete efferent i a, 363 
retinal, layer, 146, 146, 147. 148:317, 

317, 318;! zone, 319 

rhombencephalon, 129,131, 132,133: 

262,271,276,303 
ribs, 209 
Riddle, 239 
ridge, genital, 416 ; mandibular, 

158; neural, 16, 21, 22, 23: 

261, 266, 268, 269, 270, 278: 398; 

sex-cell (genital), 204, 204, 

205; sub-atrial, 48, 48 

rod, hypochordal (subnotochordal), 

169, 194, 204 
Rodents, amnion, 424 ff.; decidua, 

442; implantation, 421; placenta- 

tion, 439^ 440; uteri, 372 
roots, of spmal nerves, 135, 142, 143 : 

311, 312 
rotation, of gastrula, 98, 104, 105 jj^., 

106 ; of ovum, 81, 83, 86, 89 

Riickert, 273 

Ruminants, amnion, 392^ 424; pla- 

centation, 439, proammon, 428 



Sac, albumen, 288, 289, 298 #.; 
endolymphatic, 152: 323; 



lymphoid, 191; scrotal, 416, 



chick, 22^367; mammal, 368-454.) 

saccule, 160, 151: 322, 323 

sacrum, 221 

scapula, 221 

sclerotome, 48, 52, 62, 53: 172, 206: 
294, 353, 354 

scrotal, sac, 416, 417; swellingB, 

416, 416, 417 

Seessel's pouch, 304, 328, 329 

segmental, duct, 193, ff., 194, 196, 
196, 198; plate, 123, 170 

segmentation, 265; cavity, 14, 

16 : 93, 94, 96, 98, 102 : 245, 246, 
247, 248 

semicircular canals, 160, 151: 322, 
323 

semilunar valves, 339 

seminal vesicles, 73: 202 

semiplacenta (semiplacentalia), 440 

sense, capsules, 2\0 ff.; plate, 

123 

septum (septa), 172; endo- 
cardial, 266 ; interauricular, 

177 : 338, 339; inter nasal, 210, 

211, 215; interventricular, 

338, 340; nasal, 413, 418; 

pericardio-peritoneal, 191- 

192; transversum, 191-192: 

351; yolk-sac, 287, 288, 289, 

290 

sero-amnionic fusion, 287, 288, 289, 
294, 294 : 427 

sex, cells, 204, 204 ; cords, 204, 

204, 205: 362, 362; distinc- 
tion of, 206: 362:416 

sheath, notochordal, 52: 208, 208; 
neural, 52 

sheep, allantois, 436; blastodermic 
vesicle, 384; gestation, 369; lutein, 
378; notochordal canal, 398 

shell, 233, 234, 241; membrane, 

233, 234, 241 

shield, embryonic, 387, 888, 892, 393, 
Jf, 394 

Shore, 186. 

shrew, trophoblast, 388 

sinu-auricular aperture, 337; 

valves, 339 

sinus, cervical, 406, 407 ; Cuvier i 

see ductus; lymphoid, 190- 

191, 190; superior, 150; 

terminalis (margmal), 252, 262, 
255, 290: 431, 432, 432L 449, 449; 

urinogenital, 414/., 416, 416; 

venosus, 177: 291, 804, 337, 

339, 361 

sitting height, human embryo, 411 
size, of human embryo, 407, 411 
skeletogenous layer, 52 
skeleton, 207 ff.: 354; appen- 
dicular, 221-222 
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{Amphioxus, pages 1-61; frog, 62-228; 

skull, 164, 210, ff.: 354; bony 

elements of, 215; cartilag- 
inous, 210/. 

solenocytes, 46, 53 

somatic stalk, 282 

somatopleure, 174: 266-267, 280 

somites, 21, 25, 26, 29 ff,y SO, 32, 51 

Jf.; 124, 170 Jf., 171: 264 Jf., 

266, 268, 274, 278: 352 ff.: 401, 

402 ff.; number of, 51: 172: 

264, 352: of head, 264-265; 

table of, 173 

space, perivitelline, 4, 6, 9, 10: 80, 
81 : 374 

spawning, 8, 58: 64, 71, 77/. 

spermatogenesis, 77 

spermatogonia, 7 

spermatozoon, 6: 70, 71; lon- 
gevity of ,379; supernumerary, 

246 

spermophile, implantation, 422, 423 

spinal, bulb, 129: 308; cord, 37 



117, 118, 134, 134: 308; 
ganglia, 135, 142, 143: 309, 311 

nerves, 135, 142-143, 143 

173: 311 ff., 312; nerves 

axons of, 311 
spiracle, 67, 161: 315, 330 
splanchnic stalk, 282, 289, 327, 334 
splanchnococl, 26, 31, 62 : 124,124, 170 
splanchnopleure, 174: 266-267, 280 
spleen, 191:350 
stalk, allantoic, 287, 288, 289, 296, 

297, 297, 348: 430, 431; 

body (belly), 399, 400, 429, 430, 

446; optic, 129, 144, 146, 147, 

148, 160: 303, 316, 317, 318, 320; 

somatic, 282 ; splanchnic, 

282, 289, 327, 334 
stapes, 325 
sternum, 221 
stigma, follicular, 378 
stomach, 168, 169: 332, 335, 361 
stomach-intestine, 33 
stomodsDum, 158, 164, 166: 269, 327, 

329: 404, 412, 412 
Strahl, 439 

stratum granulosum, 376, 376 
streak, primitive, 119, 120: 261/., 
262, 254, 268, 260, 274 : 394, 395, 

396, 398, 401 ; relation 

to embryo, 256/., 268, 260 
stroma, ovarian, 205: 361, 362 
subatrial ridges, 48, 48 
subgerminal cavitv, 245, 246, 248 
Bubnotochordal rod, 169, 204 
subzonal layer, 382, 383, 385, 386 
sucker, oral, 66, 66, 120, 164, 180 
supra-orbital folds, 413, 414 
suprapericardial body, 163, 164 



chick, 229-367; mammal, 368-454.) 

suprascapula, 221 

suspensory fold, 49 

suture, cerebral, 274, 276 

swelling, genital, 416, 416, 417 

Sylvius, aqueduct of, 132: 307 

symmetry, of blastula, 96; of 

ovum, 4, 6, 10, 11, 17: 70, 80, 83 
/, 87, 88/. 

sympathetic, cords, 143, 143: 312- 

313, 313; gangha 144: 207, 

207: 364; nervous system, 

143-144, 143: 312-313, 313 

syncoelom, 32 

syncytia, trophodermal, 422 /. 

syncytiotrophoblast, 390, 422 /., 
423 

syncytiotrophoderm, 422/., 423 

synencephalon, 304 

systemic arch, 184, 184: 341, 342 



metamor- 



Tadpole, 63 /.; 

phosis of, 67-68 

tail, 66, 120, 120: 404, 406, 406, 408, 

408, 409, 409 ; bud, 279, 280, 

283, 296, 296, 297 ; fold, 280, 

293, 296, 296, 297 /., 297 

Talpa, see mole. 

tapu*^ placentation, 440 

Tarsius, amnion folds, 428; embry- 
onic shield, 387; placentation, 440; 
yolk-sac, 433 

teeth, 220; vestiges, 328 

*' teeth" (horny), 159, 166 

telencephalon, 129, 133: 283, 303/., 
304 

temperature, of incubation, 231 

tentacles, velar, 44, 46 

terminal sinus, see sinus. 

testis, 6:72, 73, 77:362 

thalami, optic, 129, 148: 307, 320 

thoracic duct, 191 : 349 

thymus, 162, 163: 330, 331 

thyroid body, 163, 165, 166 : 304, 331, 
331 

tongue, 165: 332; bar, 41, 42 

torus transversus, 129, 131, 133 : 306 

trabecule, 210, 211, 212, 213 

trabecular cornu, 210, 211, 212, 215 

trachea, 329 

'•Trager,'' 389, 391, 429 

transverse process, 209 

trophoblast, 382, 384, 385 /., 386, 

386,388,390,421,423; knob, 

389 

trophoderm, 397, 422, 447; 

functions of, 422-423; syn- 
cytium, 422 /.; vasculari- 
zation of, 423 

truncus arteriosus, 177, 178, 184, 185: 
282, 338, 339 
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{Amphioxun, poffet 1-61: frog, 62-228; chick, 229-367; mammal, 368-45 i.) 

trunk, common pronephric, 194 
tubal fissure, 328 

tube, Eustachian, 152: 324, 328; 

Fallopian, 371, 872; medul- 



vasa efferentia, 73, 202, 206: 362 

vascular, area, see area; lacunse, 

256, 256; ^ — - system, 174 ff.: 



lary(neural), 21 ; 27: 270, 274, 278: 

398 
tubercle, cloacal 415, 416, 417; 

coccygeal, 415; genital, 416, 

416, 417 
tuberculum posterius, 129, 131, 183 : 

304, 306, 306' 
tubo-tympanic cavity, 152 
tubule, mesonephric, 294, 356-357, 

367, 369, 362; collecting. 

367, 358; inner and 

outer. 198-201, 199, 200; 

metanephric, 358-359, 369; 

collecting, 358; pro- 

nephric, 160, 194, 195, 196, 196 

Tupaija, blastodermic vesicle, 386, 

387 
turbinates, 326 
tympanic, cavity, 152: 324, 328; 

membrane, 152, 213: 325 

Ultimobranchial body, 163, 164 

umbilical cord and stalk, 336 : 406, 
407^ 408, 430, 444, 446 

umbilicus, 287, 288, 289:407; 

yolk-sac. 287, 288, 288, 289 ; 

yolk-stalk, 402 

Ungulates, allantois, 436; blasto- 
dermic vesicle, 384; embryonic 
shield, 387; implantation, 421; 
ovulation, 379; placentation^ 439; 
uteri, 372 

urachus, 436 

ureter, 199, 202: 358 

urethra, 416 

urinogenital, aperture, 415 ff.^ 416; 

ducts, 202 ff.; mem- 
brane, 414 ^.,416; sinus, 414 

/., 415, 436; system, 192 jBf.: 

354/. 

urostyfe, 209 

uterus, 235, 236: 372, 372, 444 ; 

bicornis, duplex, simplex, 372; 
cervix oi, 444 ; fundus of. 



372. 442; 



glands of, 443, 445; 



human, gravid, 444; 



ligaments of, 372 ; mucosa, 

443 
"uterus" of frog, 72, 73 
utricle, 150, 151: 322 

Vagina, 236, 236: 372, 372 
valves, somihinar, si nu- auricular, 339 
valvula cerebcUi, 133 
Van Beneden, 383 



271 ff.: 336 ff.: 405-406, 405 

vas deferens, 202, 206: 360 

vein, abdominal (anterior), of 
Amphibia, 189, 346; allan- 
toic, 297; cardinal (anterior 

and posterior), 56, 67 : 186 ff., 187, 
196, 201 : 286, 291, 294, 310, 829, 

343 ff., 347, 348, 367, 358; 

cardinal, median, 186 ff., 187; 

caudal, 186, 187: 348; 

caval, see postcaval, precaval; 

coccygeal, 349; Cuvierian, 

see ductus Cuvieri; femoral, 

187; hepatic^ 182, 185: 345, 

346; hepatic portal, 185: 

346: 433; hyoidean, 182, 183; 

iliaCj 187, 188; interseg- 
mental (intersomitic), 189: 280, 
344; jugular (external, in- 
ternal, superior, inferior), 186 ff.: 

285, 329, 343, 348 ; lateral, 

189; lateral, of Elasmo- 

branchs, 346; mesenteric. 346, 

348 ; mesonephric (advenent, 

revehent), 188; omphalomes- 
enteric, 185: 274, 276, 282, 290, 
291, 337, 344 ff.: 432, 432; 

pelvic, 187; postcaval, 166, 

186 ff., 187: 346, 347-348, 348; 
precaval, 188; pulmon- 
ary, 177, 182, 1,89 : 339, 348 ; 

renal, 187, 188: 348, 349; 

renal portal, 187, 188: 348, 349; 

segmental, 186: 280; 

somatic, 344; splanchnic, 344; 

subcardinal, 294, 348, 348, 

358; subclavian, 348 ; 

subintestinal, 48, 52: 346; 

umbilical, 286, 297, 346, 346. 347, 
348 : 405, 405, 435, 436; verte- 
bral, 188; vitelline, 176, 177, 

185: 273, 278, 281, 282, 283, 285, 
290, 291, 345-346, 345, 348 : 4a5, 

406, 432, 432 ; viteUo-intesti- 

nal, 185 

velar, plate, 162, 180; tentacles, 

44,46 

velum, 42, 44, 46 ; medullare, 

306; transversum, 283, 304, 

305, 306 

vena cava; see vein, postcaval. 

venous system, 185 ff.: 343 ff. 

ventral, aorta, 177: 273, 275, 278, 
282 ; fissure, 135; mus- 
culature, 53 

ventricle (cardiac), 176, 177: 282, 
283, 304, 336, 337 ff., 338: 
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(Amphioxut, paget 1-61; frog, 62-228; 

ventricle (cerebral), 131, 132, 133: 
304, 306, 306, 307 

vertebrfiB, 208-209: 354; table 

of, 173 

vertebral plate (mesoderm), 170, 
194:263, 278. 

vesicle, amnio-cardiac, 262, 267, 273; 

blastodermic, 382 383 ff., 

384, 385, 386, 390, 399; 

cerebral, 26, 36, 38; meso- 

nepbric, 198 #., 199, 200 ; 

optic, 144, 146, 147 : 266, 271, 274, 
276, 282, 283, 303, 316 Jf., 317, 318, 
329 ; seminal, 73 : 202 

villi, 400, 438 #., 442, 444, 445 Jf., 

447, 448, 449 ; fixation, 442, 

447, 448, 449: of human 

placenta, 442, 444, 445 ff., 449 

visceral, arches, 120, 123, 160, 160, 
163, 164 : 286, 328 jf . : 404 Jf ., 404, 

406, 408 ; cartilaginous, 

211, 216 Jf., 217, 218 ; — clefts. 



see gill clefts; 



pouches, 122, 



158, 160, 160, 163, 164 : 269, 278, 

328 Jf., 329 
vitelline membrane, 4, 6, 8: 69: 232, 

233, 246, 247, 287 : 374 
viteUus, 232, 233 
vitreous body, 148: 320 

Wall, body, 282 

weasel, placentation, 440 

Weber, 177 

weight, of human embryo, 411 



chick, 220-367; mammal, 368-454.) 

whale, placentation, 440 

Willey, quoted, 2, 50 

Wolffian, body, 198 /., 199, 200: 

336, 367, 358, 369, 360; duct, 

199, 199, 202 Jf. : 266, 294, 355, 
356 Jf, 367, 369, 360 

Xiphisternum, 221 

Yolk, influence upon development, 

230; mass, later history, 289 

ff.; white and yellow, 233, 

233, 239, 239, nucleus, 74, 76 : 

376; plug, 66, 99, 101, 102, 

120; sac, 286 #., 287, 288, 

289, 310, 348 : 428, 430 ; sac, 

circulation, 290, 291 : 432-433,432 ; 

disappearance of, 292, 

300; endoderm, 256, 272, 

277, 289-290: 390, 391, 426. 431; 

human. 399, 400, 402 

ff.f 444 ; later history of, 

292, 300: 431 ff. ; meso- 
derm of, 426, 432; septa 

of, 287, 288, 289 ; um- 
bilicus, 287, 288, 288, 289 ; 

stalk, 282, 287, 288, 289, 289, 336, 

848 : 402, 408 ; human, 

431,433,444; umbilicus, 

402 

Zona, pellucida, 373, 374, 376, 384 ; 

radiata, 239, 239 : 374, 376 

Zone of junction, 247, 258, 277, 277 
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